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METHODS AND MATERJIALS FOR ENCAPSULATING PROTEINS

TECHNICAL FIELD

The invention relates to various applications for encapsulated proteins.

BACKGROUND

The protection, dehivery and controlled release of biologically active proteins have a wide
variety of applications. Such applications range from use as biological reagents, therapeutics,

anti-pest products, in tissue engineering and many others.

However, while various delivery approaches have been established, developing the ability to

deliver proteins according to local environmental changes, ¢.g., pH remains highly challenging,

In practice it may be necessary to protect the protein, for example a therapeutic, from
degradation due to chernical, physical, and biological factors in certain environments, before it
s introduced mto the target environment. Conversely, it may be necessary to protect a

particular biclogical environment from the protein if the protein is, for example, a targeted

toxin,

There are vartous drawbacks with present encapsulation methods. For example, growth
i > &
factors are widely used i tissue engineering applications to induce and guide blood vessel
P & & X 5
formation. However, thelr incorporation wto protective matrices such as hydrogel scaffolds
s I ) g

can results in a reduction i actvity dae to reactions such as cross-hinking.

There 15 thus a general aeced for methods and materials that can protect protetns from certain
hi

environments, while simultancously allowing them to be released and functional 1 other

environments.

It 1s therefore an object of the mvention to provide mmproved methods and materials useful
for encapsulating proteins, advantagecusty with options for controlied release of the
- fal 3 tel J

encapsulated protein, and /ot at least to provide the public with a useful choice.
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SUMMARY OF THE INVENTION

Moethod

In the first aspect the invention provides method for encapsulating a protein of interest, the

method compusing the step of expressing a fusion protein comprising an N-terminal region

of a rearrangement hot spot {RHS) -repeat-containing protein fused to the protein of interest
rarea germe SLSIs ol L,./,p,,,t” i g)p) seq o 1,,((..‘( erest.

I one embodiment the fusion protem 1s expressed in a ceil.

Cleavage of protein of interest

In 2 further embodument, spon expression and folding of the fusion protein, the protein of

interest 1s cleaved from N-terminal region of the RHS-repeat-containing protein.

In a further embodiment cleavage is affected by the action of a protease intrnsic to the N-

terminal region of the RHS-repeat containing protein.

In a further embodiment the protease is an aspartate protease.

Elncapsulation of profein of interest

In a further erabodiment the protein of mterest is encapsulated by a shell coroprising the N-

terminal region of the RHS-xepeat-containing protem.

In a further embodiment the shell is hollow.

In a further embodiment the shell is formed from one long strip of B-sheet, or B-sheets, that

wraps around a central cavity.
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In a further embodiment the B-sheet is composed of at least 50 B-strands, preferably at least
60 B-strands, preferably at least 70 -strands, preferably at least 80 B-strands, preferably at

least 90 dertved from the N-terminal region of the RHS-xepeat-containing protein.

In 2 further embodiment the shell includes a B-sheet formed from between 60 and 90 B-
v 76 of the B-

strands, preferably between 70 and 80, prefecably about 76, and most preferabi
d

strands.
ferably between 35 an

In a further embodiment the central cavity is: between 30 and 55, pre

50, preferably between 40 and 44, preferably about 42, preferably 42 A wide.

100, preferably between 80 and

In a further embodiment the central cavity is: between 75 and 1

95, preferably between 85 and 90, preferably about 87, preferably 87 A tong.
In a further embodiment the central cavity has a total enclosed volume of between 45,000 and
50,000 and 70,000, preferably between 55,000 and 65,000,

75,000, preferably between

preferably about 59,000, preferably 59,000 A’

In a further embodiment the shell is ciosed at both ends.

closed by an RHS-tepeat-associated

In a further embodiment the carboxy end of the sheil 1

core domain.

In a further embodiment the RHS-repeat-associated core domain also acts as a protease.

In a further embodiment the overall shape of the shell 1s reminiscent of a hollow egp.
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Protein of interest (with any RHS)

In one embodiment the protein of mterest is one that is normally natarally associated with the
N-terminal region of the RHS-repeat-containing protein. That 1s the protein of interest is the

naturally occurring C-terminal region of the RHS-repeat -containing protein.

It 2 preferred embodiment the protein of mnterest 1s one that is not normally naturally

assoctated with the N-terminal region of the RHS-repeat -contaming proteia.

Thus m a preferred embodiment the protein of mnterest 1s heterologous the N-terminal region

of the RHS-repeat -containing protein.

In a further embodiment the protein of mterest is small enough to fit inside the shell.

In a further embodiment the protein of mterest has a molecular weight of less than 103kDa.
Preferably the molecular weight is less than 44kDa. More preferably the molecular weight is

less than 36kIDa.

RELS-contarning protein

In one embodiment the RHS-repeat ~containmg protein s selected from a toxin complex C

{TcC) component of a bacterial toxin comples, a non-toxin complex RHS-repeat containing
\ ! g PICX, ] t 2
protemn, and a Y D-repeat contauming protein.

RHS -repeat-containing protein is a toxin compiese C (FeC) component of a bacterial foxin complex:

4

=

In one embodiment the RHS-containing protein is a toxin compilex C (TcC) component of a

bactenal toxin complex.

In a further embodiment fusion protein compusing the N-terminal region of the toxin
complex C (TcC) component 1s co-expressed with a toxin complex B (TeB) component of a

bactertal toxin complex.
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Thus m one embodiment the invention provides method for encapsolating a protein of
interest the method comprising the step of co-expressing:

a)ya toxin complex B (TeB) component of a bacterial toxin complex, and

bja fusion protein comprising an N-terminal region of a toxin complex C {TeC)

component of a bactenal toxin complex fused to the protein of interest.

In one embodiment the a) and b) are expressed in a cell.
7/ 7 .

Protetn of nferest

In one embodiment the protein of mtexest s one that is normally naturally assocted with the
the N-terminal region of a toxin complex C (TeC) component. That is the protein of interest

is the naturally associated C-terminal region of 2 toxin complex C (TeC) component

In a preferred embodiment the protein of interest is one that is not normally naturally

associated with the MN-terminal region of the toxin complex C (TeC) component.

Thus 1n a preferred embodiment the protein of mterest 1s heterologous to the N-terminal

region of the toxin complex C (TeC) component.

In a further embodiment the proten of mterest 1s small encugh to fit inside the shell.

In a further embodiment the protein of mterest has a molecular weight of less than 40kDa.
Preferably the molecular weight is less than 35kDa. More preferably the molecular weight s
less than 32kDa.

Cleavage of profein of interest

In a turther embodiment the protein of mterest is cleaved from N-terminal region of TcC

component upon formation of a complex between the TeB and the fusion protein.

In a further embodiment cleavage 1s affected by the action of a protease intrnsic to the MN-

terminal region of TeC component.
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In a further embodiment the protease ts an aspartate protease.

In one embodiment the protease activity 1s encoded by an RHS-repeat associated core domain

sequenc&

In a further embodiment the RES-repeat associated core domain sequence 1s as defined

herein.

Eincapsulation of protein of imierest

In a further embodiment the protein of mterest s encapsulated by a shell formed by a

complex of the TeB cornponent and the N-terrinal region of the TeC.

Shell

In a further embodiment the shell is hollow.

In a further embodiment the shell is formed from one long strip of B-sheet, or B-sheets, that

wiaps around a central cavity.

In a further embodiment the B-sheet is composed of at least 50 B-strands, preferably at least
60 B-strands, preferably at least 70 B-strands, preferably at least 80 B-strands, preferably at

least 90 dertved from the TeB component and the N-terminal region of TeC.

In 2 further embodiment the shell includes a B-sheet formed from between 60 and 90 B-

i
/

strands, preferably between 70 and 80, preferably about 76, and most preferably 76 of the B-

strands.

It 2 further embodiment C-terminus of TcB and the N-terminus of the N-ternunal region of
TeC ate m close proximity.
In a further ernbodiment C-texminus of TeB and the N-terminus of the N-terminal region of

TeC are within 7.5 A of each other.
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In a further embodiment the central cavity is: between 30 and 55, preferably between 35 and
¥ > 3

50, preferably between 40 and 44, preferably about 42, preferably 42 A wide.

In a further embodiment the central cavity is: between 75 and 100, preferably between 80 and

95, preferably between 85 and 90, preferably about 87, preferably 87 A wide.

In a further embodumnent the central cavity has a total enclosed volume of between 45,000 and

75,000, preferably between 50,000 and 78,000, preferably between 55,000 and 65,000,

preferably about 59,000, preferably 59,000 A

In a further embodiment the shell is closed at both ends.

In a further embodiment the shell includes a $-propeller domain at the TeB end of the shell.

In

a further embodiment the B-propeller domain is inserted into the loop between the 29% -

strand (P29) and the 51st P-strand (B51).

In one embodiment the B-propeller domain closes the TeB end of the shell.

In a further embodiment the shell includes an RHS-repeat-associated core domain at the TcC

end of the shell

In a further embodiment the RHS-repeat associated core domain is a short steip of P-sheet

that spirals inwards at the TcC end of the shell.
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In a further embodiment the RHS-repeat-associated core domain is formed by a region

. - ) il P v 56
extending from the 45" B-strand (B45) to the 49th B-strand (B49).
g \ 7 \

In a further embodiment the RES-repeat-associated core domain forms a plag,

In a further embodiment the RIS repeat-associated core domain closes the TeC end of the

shell.

In a further embodiment the plug closes the TeC end of the shell.

In a further embodiment the overall shape of the shell 1s reminiscent of a hollow egp.

Products

In a further aspect the invention provides an encapsulated protein of mterest produced by the

method of the invention.

In a further aspect the nvention provides a protewn of interest encapsulated by a shell formed

by the N-terminal region of the RHS-repeat-containing protein.

ja—;
i

1 a further aspect the invention provides a protein of interest encapsulated by a shell formed

o
[

a complex of the TeB component and the N-terminal region of the TcC component.

In a further embodiment the invention provides a cell comprising an encapsulated protein

according to the invention.
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Compositions

In a further embodiment the invention provides a composition comprising an encapsulated

protein of the invention or produced by a method of the invention.

In one embodiment the composition 1s an insecticidal composition. Preferably the
composition has msecticidal activity, Preferably the composition comprises an agriculturally

acceptable carrier.

In one emboditoent the composition is a pharmaceutical composition. Preferably the
composition has pharmaceutical activity, Preferably the cotaposition comprises a

pharmaceuatically acceptable carrier.

Reteasabie protein of interest

In a further aspect the encapsulated protein 1s releasable or can be released, from the shell.

In a further aspect the encapsulated protein 1s releasable, can be released, or 1s released, from

the shell 1 certain conditions.

In a further aspect the encapsulated protein is releasable, can be released, or 15 released, from

the shell by lowering the pH of the environment surrounding the encapsulated protem.

In a further embodiment the encapsulated protein is releasable, can be released, or ts released,

from the shell by mtroducing the encapsalated protemn into 2 low pH environment.

In one embodiment the encapsulated protemn s releasable, can be released, or is released,
when the pl is less than 5.5, Preferably the pl is less than 5.0. More preferably the pH s

~

less than 4.5.
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Release method

In a further aspect the invention provides a method of controlied release of a protein of
interest, the method comprising placing an encapsulated protein of the invention, or produced

by the method of the invention, into an appropriate environment.

Preferably the appropuaate eavironment affects release of the protein of interest.

Ia 2 further aspect the mvention provides a method of controlied release of a protein of
mnterest, the method comprising placing an encapsulated protein of the mvention, ot produced

by the method of the inventon, into a low pH environmment.

In one embodiment the low pH environment has a pH of less than 5.5, Preferably the pH is

less than 5.0. More preferably the pH is less than 4.5,

In a further embodiment the protein of mnterest is released by a conformational change in the

shell encapsulating the protein of interest.

In one embodiment the pH-induced conformational change 1s opening of the shell resulting

release of the protein of interest.

Tt one embodiment the conformational change involves separation of the P-propelier blades

allowing extrusion of an unfolded protein of interest through the middie of the propeller.

In one embodiment the conformational change 1s induced by a lowermng of the pH

environment of the encapsulated protein.

Methad of deiivery of a profein info a low pI environment

In a further aspect the invention provides a method of delivering a protein of interest to 2 low

pH environment.
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In one emboditoent the low pH environment has a pH of less than 5.5, Preferably the pH s
less than 5.0. More preferably the pH is less than 4.5

In 2 further embodiment the low pH environment is the endosome of a cell.

In a further

embodiment the low pH environment affects release of the encapsulated protein

from the shell to deliver the protein of mterest into the low pH environment.

In 2 further embodiment the low pH envitonment triggers

s delivery of the protein of mnterest
mnto the cytosol of the cell.

In a further embodiment the protem of mterest is released

by a pH-induced conformational
change in the shell encapsulating the protein of interest.

In a further embodiment the pH-induced conformatonal change is opening of the shell
resulting in release of the protein of interest.

Method of delivering a protein of interest into a cell

It 2 further aspect the mvention provides a method of delivering a protein of mterest 10to a

cell, the method compusing contacting the cell with and encapsulated protein of the
nvention.

In one embodiment delivery requires co-expression of a TeA component of a bacterial toxin
complex.

Method of controlling a pest.

In a further embodiment the invention provides a method of controlling a pest, the metho

s

ad
comprising contacting an encapsulated protein of the invention, or produced by a method of
the mveation, with the pest.



WO 2014/170853 PCT/IB2014/060784
12

In one emboditoent the pest is an sect.

In this embodiment the protein of mterest is a protein that is toxic to the insect.

In a further embodiment the pest is selected from the lepidoptera, coleoptera, diptera; and
orthoptera.

£,

In a further embodiment, the pest 1s selected from the followmg list:

1. Antheraea eucalypti
Scott, 1864

2. Bombysx mori
Linnaeus, 1758

3. Cydia pomonella
Linnaeus 1758

4. Drosophila melanogaster
Meigen, 1830

5. Galleria mellonella
Linnaeus, 1758

6. Espepbyas postvitiana
Walker, 1863

7. Helicoverpa armiger:

Huobner, 1805

8. Heltothis wivescens
Fabricias, 1777
9. Helicoverpa sea
Boddie, 1850

10. Heferonychus arator
11. Lymantria dispar
Linnaeus, 1758

12. Mamestra brassicae
Linnaeus, 1758

13. Mapdica sexta

Linnaeas, 1763
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14. Pieriy brassicae
Linnaeus, 1758

75, Pievis rapae
Linnaeus, 1758

16. Pintelia scylostella
Linnaeus, 1758

17. Spadeprera frugiperda
Smith 1797

18. Spodeprera litura
Fabricius, 1775

19. Tribolinm casianenm
Herbst, 1797

20, Trichoplusia ni

Hiabner 1803

13
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In a further embodiment the pest is selected from the Qdoniria, Papuana, Pericopins, Pyronoia,

Wiseana, and Costelytra.

In a further embodiment the pest is a MNematode.

In a further embodiment the Nematode 1s from the genus Heferorhabditis.

Method involving expression in a plant

In one embodiment the encapsulated protein is produced in the plant by expressing in the

plant a fusion protein comprising an N-terminal region of a rearrangement hot spot (RHS)-

repeat-contaiming protein fused to the protein of mterest.

In a further embodiment the encapsulated protein is produced in the plant by co-expressing 1n

the plant:

2) 2 toxin complex B (TeB) component of a bacterial toxin commplex, and
) ples B (TeB) : hlex,

b)a fusion protein cormprising an N-terminal region of a toxin complex C {TeC)

-~ 5 — . ~ 4 . -
C()iﬁp()tlﬁﬂ[ ot a bacternal toxin C(),tﬁplﬂ?; fused to the pl’f()tﬁlﬂ Of It1i¢

S e o

el
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In one embodiment the method requites co-expression of a TeA component of 2 bactertal

toxin complex.

In 2 further embodiment the pest is contacted by the encapsulated protein produced in the

plant.

I one embodmment the pest is contacted when 1t ingests the encapsulated protein.

Producing insect vesistant plant

In a further embodiment the method provides a method for producing an insect resistant
plant the method comprising expressing in the plant a fusion protein comprising an N-
terminal region of a rearrangement hot spot (RES)-repeat-containing protein fused to the

protein of mterest.

In a further embodiment the method provides a method for producing an insect resistant
plant the method compuising co-expressing in the plant:

a)a toxin complex B (TcB) component of a bacterial toxin complex, and

bja fusion protein comprising an N-terminal region of a toxin compiex C {T'eC)

component of a2 bactenal toxin complex fused to the protein of interest.

It one embodiment the method requires co-expression of a TcA component of a bactertal
toxin complex.

DETAILED DESCRIPTION OF THE INVENTION

The applicants have clucidated for the first time the 3-dimensional stracture produced by
mteraction of the TceB and TcC components of bacterial toxic complexes. The applicants
describe how these components assemble to form a large hollow shell that encapsulates and
sequesters the cytotoxic carboxy-terminal section of TeC. Purthermore, the applicants
describe how TcC auto-proteolyses when folded in complex with TeB. TeC is 2n example of
a protein that contains RHS (rearrangerment hot spot) repeats. The apphicants have also
provided the first 3-dimensional structure for any RHS-repeat-contaming protein. The
applicant’s data illusteates 2 stractural architecture that is likely to be conserved across both

this widely distributed bactenal RHS-repeat-contamning protein family and the eukaryotic YD-
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repeat-containmg proteint famuly (which they show is a sub-set of the broader class of RHS-
repeat-containing proteins). In addition to indicating the function of these protein families, the
applicants provide a generic mechanism for protein encapsulation and delivery. This is

described in detatd in Example 1.

These discoveries have allowed the applicants to invent the methods and compositions of the
mvention which relate to encapsulating any protein of nterest by expressing fusion proteins
comprsing the N-terminal region of an RHS-repeat-contamning protein fused to a protein of

interest.

In one embodument the method mvolves co-expressing the TeB coroponent and a fusion
protein consisting of an N-termunal region of the TcC cornponent tused to the protein of

interest.

There are multiple applications for technology of the invention. Such applications form

turther aspects and embodiments of the invention as descrbed herein.

In this specification where reference has been made to patent specifications, other external
docurnents, or other sources of information, thus is generally for the purpose of providing 2
context for discussmg the features of the invention. Uniless specifically stated otherwise,

- . .
reference to such external documents is not to be construed as an admussion that such
documents, or such sources of information, m any jurisdiction, are prior art, or form part of

the common general knowledge in the art.

The term “comprising” as vsed in this specification means “consisting at least m part of”,
When interpreting each statement in this specification that mcludes the term “comprising”,
features other than that or those prefaced by the term may also be present. Related terms
such as “comprise” and “comprises” are to be interpreted in the same manner. In some

v

embodiments, the term "comprising” (and related terms such as "comprise and "comprises”)

can be replaced by "consisting of" {and related terms "consist” and "consists”).

Definitions

Rearrangement bot spot (RIS j-repeat-containing protein
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The teren “rearvangement bot spot (RELS )-repeat-containing protein” or "RHS -repeat-containing protein” as

used herein means a protein with an amino acid sequence that contains RHS repeats.

As used herein, the term "RHS-repeat-containing protein” includes toxin complex C (Tc()
component of a bacterial toxin compilex, a non-toxin-complex REHS-repeat contatning

proteins, and a YD -repeat contatning protems.

I one embodmment the RHS repeats conform to the profile-hudden Markov model (HMM) as

described in the file YD_RHS combined jackHD

IMER hrom (Figure 14)

In a further embodiment the RHS repeats conform to the profide-HMM as described in the

file RHS_repeat_pt05593 hmm (Figure 12).

In a further embodiment the RHS repeats conform to the profile-HMM as described in the
file YD _repeat TIGRO1643. HMM. (Figure 13). The proteins of this embodiment are of the

Y repeat class of REHS-repeat containing proteins.

Profile hidden Markop mode! (profele HMM)

< b

Profile HMMs turn a multiple sequence alignment into a position-specific scoring system
suitable for searching databases for remotely homologous sequences. Profile HMM analyses

complernent standard patrwise compattson methods for large-scale sequence analysis.

In a further embodiment the RHS repeats conform with the consensus

GxoxxRYxYDxxGRL(I/T) [Wang et al., 1998].

RHES-repeat containing proteins typically contain 2 — 60 RHS repeats.

In one embodiment the RIS-repeat containing proteins as used 1o the methods and products

of the mvention contain at least 5, preferably at least 20, more preferably at least 30 RHS

rep eats.
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In a further embodiment the RHS-repeat contamning proteins as used in the methods and
products of the nvention contain at between 5 and 60, preferably between 15 and 50, more

preferably between 35 and 45 RS repeats.

In one embodiment the RHS-contamning protein is sclected from a toxin complex € (TeC)
component of a bacterial toxin complex, 2 non-toxin complex RHS contamning protein, and a

YD-repeat containing protein.

Non-toxin-complexe RELS-repear containing proteins

In addition to YD-repeat containing proteins, there are a number of other non-toxin-complex

RHS-repeat contaming protein including RhsA MclNulty o7 2/, 2006},

Y Di-repeat containing profeins

There are a2 number of other non-toxin-complex YD -repeat contaning protein including

i

teneunns (Tacker & Chiquet-Ehrismann, 20063,

RHS repeat associated-core domuain

In addition to possessing RHS repeats, RHS repeat contaning protemns also typically contam

ant "RHS repeat-associated core domain”.

In one embodiment the REHS repeat containing proteins as used in the methods and products

of the invention contain an RHS repeat-associated core domain.

The RHS repeat associated core domain s highly conserved, ~76 amino acids in length, and
has aspartic peptidase activity as described here. The RHS repeat assoctated core domain
conforms to the profide-HMM in fie RHS_associated_core_domatn_TIGRO5696. HMM

{Figure 15)
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Further description of the RHS repeat-associated core domain can be found at

http://'www<dot>ebi<dot>ac<dot>uk/interpro/entry/IPRO22385.

In a further embodiment the RHS repeat-associated core domain s defined by performing an
alipnment between the RHS repeat containing protein sequence and the profile-HMM of the
RHS repeat-associated core domain (RHS_associated_core_domain TIGRO3696. HMM —

Figure 15), using a prograrn such as hoomalign.

Fasion of the protein of interest to the N-ferminal vegion of the RES repeat containing protein

The protein of mterest will be joined at the C-terminal end of the RHS tepeat-associated core
domain. The final residues of the conserved RHS-associated core domain are generaily

“DrzxGx”, and when expessed cleavage will occur after the residue following the glycine.

In one embodiment the protease activity, intrinsic to the RIS repeat-containing protein, is

encoded by the RHS repeat-associated core domain sequence.

In one embodiment the RES-containing protein is sclected from a toxin complex € (TcC)
component of a bacterial toxin complex, a2 non-toxin complex RHS repeat-containing protem,

and a YD-repeat containing profein.

Barcterial toxin complex

The term "bacterial toxin complex" refets to the large, multi-subunit toxin complexzes {T¢)
produced by some bacterta. Bacterial toxin complexes are of interest due to their potent oral
msecticidal activity. They are composed of at least three toxin complex proteins, TeA, TeB

and TcC, which are considered to be required to assemble together in order to be fully toxic.

Toxcin complexe A (TeA) component of a bacterial toxin complex:

-

Examples of TcA components are listed 1n the Table | below. The sequences as indicated in

the table are provided i the sequence listing,
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Table 1. TcA component sequences

Polypeptide Polynucleotide
Species Reference

SEQ ID NO: SEQ ID NO:
Yersinia entonophaga YenAl i 71
Yersinia entomophaga YenA2 2 72
Xenorbabdus boviens 55-2004 KXptA2 3 73
Photorhabdus luminescens TeeA 4 74
Burkholderia psendomalles 5 75
Burkholderia psendomaller 406Ge TedAl 6 76
Yersinia pseudotubercitlosis TeaB 7 77
Yersinza pestis KIM10+ 8 78
Servatia entormophila SepA 9 79
Bactllus thuringrensis IBL 200 TecaB 10 80

Toxcin complesc B (TeB) component of a bacterial toxin complex:
Examples of TeB components, which can be used in the methods and compositions of the
invention, are histed in the Table 2 below. The sequences, as indicated in the table, are

provided in the sequence histing,

Table 2. TcB component sequences

Polypeptide Polynucleotide
Species Reference
SEQ ID NG SEQ 1D NG:

Yersinia entormophaga YenB 11 81
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Tcal i2 82
85-2004
Photorbabdus ) N
Teal i3 83
lrtaninesces s
urkholderia
TedBl 14 84
pesidomalies
Burkbolderia
TcdB2 i5 85
paeaidonialie
Yersinia
i6 86
paerndotuberculosis
Yersinia pestis
* T 5 a7
TcaCl 17
KIM1O+
Serratia entomaophila Sepb 18 88
Bacillus thuringiensis
> o } 89
TealC 19
IBI. 200

In one emboditoent the TcB component is from a species selected from those bisted i Table

2.

1 a further embodirment the TeB component has an amino acid sequence with at least 70%
In a furtd mbodiment the TeB comp £l iy id seq ith at least 70%

identity to a sequence selected from any one of SEQ 1D NO:11 to SEQ 1D NO:19.

In a further embodiment the TcB component has an amino acid sequence selected from from

any one of SEQ 1D NO:11 to SEQ ID NO:19.

In a further embodiment the TeB component is encoded by a sequence with at least 70%

identity to a sequence selected from any one of SEQ D NO:81 to SEQ 1D NO:RI.
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In a further ernbodiment the TeB component is encoded by a sequence selected from any one

of SEQ 113 NO:B1 to SEQ D NO:89.

In 2 further embodument the TeB component s from Yersinia entomopbaga.

In a further embodiment the TcB component has a sequence with at least 70% sequence

identity to SEQ 1D NO:11.

In 2 further embodiment the TeB component has the sequence of SEQ TD NO:11.

3

In a further embodiment the TeB component is encoded by a sequence with at least 70%

sequence wdentity to SEQ 11D NO:81

In a further embodiment the TeB component is encoded by the sequence of SEQ ID NO:81.

Taxcin complex: C (TeC) component of a baclerial toxin complex

Examples of TcC components, which can be used in the methods and compositions of the
mvention, are listed in the Table 3 below. The sequences, as indicated in the table, are

provided 10 the sequence hsting.

Table 3. TcC component sequences

Polypeptide Polynucleotide
Species Reference

SEQ 1D NG: SEQG D NG
Yersinia entonophaga Yen1 20 a6
Yersinia entomophaga YenC2 21 91
Xenorbabdus boviensi 55-

T 22 92

2004
Iy ’ 7 . el —~ Y O%
Photerbabdus luminescens TecC 23 e

7 . 7 7. e 8y - ¢
Burkholderia psendomaliei TecC4 24 D4




WO 2014/170833 PCT/IB2014/060784
22
Yersinia pseudotubercitlosis 25 95
Yersinia pestis KIM10+ 26 96
Servatia entomophila SepC 27 97
Bacillus thuringrensis IBL 200 TecC 28 98
Bacilins thuringiensis IBL 200 TecC2 29 99

In one embodiment the TcC component is from a species selected from those bisted in Table

3.

I 2 further embodiment the TeC component has an amino acid sequence with at jeast 70%

identity to a sequence selected from any one of SEQ 1D NO:20 to 29.

In a further embodiment the TeC coroponent has an amino acid sequence selected from any

onie of SEQ I WNO:20 o 29,

n a further embodirment the TcC component is encoded by a sequence with at least 70%
In a furtd mbodirment the Tl P ti ded by q ith at least 70%

identity to a sequence selected from any one of SEQ I NO:90 to 29.

~

In a further embodiment the TcC component 1s encoded by a sequence selected from any one

of SEQ 1D NO:S0 to 9.

In a further embodiment the TcC component 1s from Yersinia entomophaga.

In a further ernbodiment the TeC coroponent has a sequence with at least 70% sequence

identity to SEQ 1D NO:21

In 2 further embodument the TeC component has the sequence of SEQ D NO:21.

In 2 further embodiment the TceC component 1s encoded by a sequence with at least 70%

sequence identity to SEQ 11D NO:91
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In a further emnbodiment the TeC cotoponent 1s encaded by the sequence of SEQ 1D NO:91.

N-terminal region of a foxcin complexe C (1vC) component of a hacterial toxin comples:

In a further embodiment the N-terminal region of the TeC component extends from the N-

terminus to the amino acid following the final conserved glycine in the RES-repeat-associated

core domain.

In a further embodiment the variable carboxy-terminal domain of TeC protemns (uspstreatn of
the final conserved glycine in the RHS-repeat-associated core doroain) s replaced by the

protein of mterest in the fuston protein.

Examples of the TeC components, which can be used in the methods and compositions of
the invention, are listed in the Table 4 below. The sequences, as indicated in the table, are

provided 10 the sequence listing.

Table 4. N-teminal region of TcC component sequences

Polypeptide Polynucleotide
Species Reference
SEQ ID NO: SEQID NO:
Yersinia entomophaga Yen(Cl — N term 30 100
Yersinia entomophasa Yen(C2 — N term 31 101

In a further embodiment the N-terminal region of the TcC component is selected from a

spectes listed 1 Table 4.

I 2 further embodiment the N-terminal region of the TeC component has an amino acid

sequence with at least 70% identity to a sequence selected from SEQ 1D WNO: 30 and 31,

In a further ernbodiment the N-terminal region of the TeC component has an amino acid

sequence selected from SEQ 1D NO: 30 and 31,
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In a further embodiment the N-terminal region of the TeC component s from Yersnia
entomophaga.

In 2 further embodiment the N-terminal regton of the TeC
least 70%

component has a sequence with at
% identity to the sequence of SEQ 1D NO: 31

I 2 further embodiment the N-terminal region of the TeC
SHQ 1D NO: 31,

component has the sequence of

In a further ernbodiment the N-terminal region of the TeC

compenent is encoded by a
sequence with at feast 70% wdentity to the sequence of SEQ 1D NO: 101

sequence of SEQ 1D NO: 101,

In 2 further embodiment the N-terminal region of the TeC component is encoded by the
Naturally occurving TeB-TeC fusion proteins

In some cases rather than TcB and TcC being encoded separately, a single ORF encodes an

apparent TeB-"TeC fusion protein.  An example of this is the tedB2 ORF of Barkbolderia
rhizaxinica.

Such

naturally occurring TeB-TeC fusion proteins are intented to be encompassed by the term
RHS Y

repeat-containg proteins for use in the methods and compositions of the invention.

- RELS-repeat containng profeins including Y D-repeat containing proteins

Table 5. RHS-repeat-containing proteins (including YD-repeat-containing proteins),

Polypeptide Polyauclesotide
Species Reference
SEQ ID NO: SEQ ID NO:
Acidovarax avenae 27 102
Acidovorax citrulli 13 103
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Bacillus cerenis wall-asscciated protein 34 104
Bactervides
cell wall-associated protein 35 105
thetaiotavmicron
Caenorbabdilis elegans Teneurin-1 36 106
Cellpibrio japonicis RIS Repeat-containing protein 37 107
Chloroflexcus sp. ¥ -400-
YD repeat-containing protein 38 108
7
;r’ 3
s Lt
Corynebacterinm
RHS Repeat-containing protein 39 109
matruchol
Desulfatibacillum
Dalk 1487 44 110
alleentvorans
Dickeya zea YD) repeat-containing protein 41 111
Hscherichia coli Rhs core protetn with extension 42 12
coli core protem 43 113
Fecherichia cofi rhsA 44 114
Frankia syrabiont of
RHS Repeat-containimg protein 45 tt5
Datisca glomerata
Frankia sp. Eullc FraBullc_2129 46 116
Gegbarter
RHS repeat protein 47 117
metalliveditcens
Kitasatospora seta KSE 13070 48 118
Methanosarcina
MA2045 49 119
Acelivorans
Microbacterian Rhs family protein 50 120
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restaoenn
FPantoea ananaiis EhsD 51 121
Parachlamydia
pab_c(130039 52 i22

acanthameebae

bacternium HEhinb14 Y repeat-containing protemn 53 i23
Pelobacter propionicus YD repeat-containing protein 54 124
Prevotella denticoln RHS repeat protein 55 i25
Prevatella denticola

RHS repeat protein 56 126
FO289
Prevatella pallens HMPREF9144_1455 57 127
Prevotelia pallens HMPREFO144_ 2442 58 128
Prevotella salivae conserved hypothetical protein 59 129
Prepotella sp. conserved hypothetical protemn 60 130

Salmonella enterica

RHS Repeat family protein

61

Salmanella enterica

RisG

62

Soranginm celluiosum RhsA 63 135
Seoranginm cellutosim Rhs family protein 64 134
Streptonyces

Rhs protein 65 135
bingrhenggensis
Streptomyces clavniigerns YD repeat-containing protem 66 136
Streptomyces griseaflavns  consexrved hypothetical protein 57 137

Streptomyces

violacensniger

RHS repeat protem

G8
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Ferrucomicrobinm
YD repeat protein 69 139
spinositn
Homo sapiens teneuvrin-1 ssoform 1 76 140

I one embodmment the RHS-repeat-contatting protein 1s from a species selected from those

listed in Table 3.

In a further ernbodiment the RHS-repeat-containing protein has an amino acid sequence with

at least 70% identity to a sequence selected from any one of SEQ 1D NO: 33 to 70.

In 2 further embodiment the RHS-repeat-containing protein has an amino acid sequence

selected from any one of SEQ 1D NO: 33 to 70,

In a further embodiment the RHS-repeat-contaimng protein is encoded by a sequence with at

least 70% 1dentity to a sequence selected from any one of SEQ 1D NO: 102 to 140,

In a further embodiment the RHS-repeat-containing protein is encoded by a sequence selected

from any one of SEQ 1D NOG: 102 to 140.

Fusion protein

The term "fusion protein” means a head to tail fusion of two proteins. In a fusion protein, the
C-terminus of a first protein is covalentdy linked to the N-terminus of a second protein

through peptide bonding.

In a further embodiment the fusion proteins according to the invention, the C-terminus of N-
terminal region of RHS-repeat-containing protein is fused to the N-terminus of protein of

mnterest.

In a further ernbodiment the fusion proteins according to the invention, the C-texminus of N-

terminal region of the TcB component s fused to the N-terminus of protein of mterest,
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Methods for producing fusion proteins are well known to those skilled 1n the art. Typicaliy, 2
fusion protein is produced by expression of 2 polynucleotide encoding the fusion protein. In
that case, polynucleotide sequences encoding each portion of the fusion protein are

themselves fused.

Protein of interest

The term "protein of interest” refers to any protein to be encapsulated in the methods or

compositions of the invention.

In a preferred embodiment the protein of mterest is of a size small enough to fit within the

hollow shell.

The protein of interest may be usefully selected from a tozin, a phammaceutical, a biological

reagent, and a bioactive polypeptide.

Expression

The encapsulated protein of the mvention may be produced by 10 vitro

teanscription/ translation by methods well-known to those skilled in the art.

Constructs and templates for transcription and translation may be produced by standard
molecular biclogy techmiques, such as cloning, or may be synthesised by methods well-known

to those skilled 11 the axt.

Alternatively the encapsulated protein of the invention may be produced by expression in a

cell.

The cell used m the methods of the invention to express and produce the encapsulated

protein may be any cell type.
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In one emboditent the cell is a prokaryodc cell. In a further erobodiment the cell s a
cukaryotic cell. In one embodiment the cell is selected from a bacterial cell, a yeast cell, 2
fungal cell, an msect cell, algal cell, and a plant cell. In one embodiment the cell is a bactenal
cell. In a further embodiment the cell is a yeast cell. In one embodiment the yeast cell is a 5.
ceriviseae cell. In further embodiment the cell is a fungal ceil. In further embodiment the cell is
an msect cell. In further embodiment the celi s an alpal cell. In a further embodiment the cell

15 a plant cell.

5

In one embodiment the cell s a non-plant cell. In one embodiment the non-plant is selected
from E. cofj, P. pastorss, 8. ceriviseae, D, salina, C. recnbardsii. In a further embodiment the non-

plant 1s selected from P. pastorss, 8. cersviseae, D. salina, C. reinhardiis,

In vet another embodiment, the cell is a yeast cell. In yet another embodiment, the cell 1s 2

synthetic cell.

In a preferred embodiment the cell is a bactenai cell.

In a further erobodiment the cell is a bacterial cell selected from the genera: Yerunia,

Photorbabdus, Xenorbabdus, Servatia and Rbizebinm.

Preferved Yersinia species wnclude Yersinia pestes, Yersinia psesidotubercnloses, Y ersinia enferocolitica,

Xersinta mollaretii, Y ersinia frederifeseniz and Yersinia entomopbaga

A preferred Photorbabdus species is Photorbabdus luminescens

A preterred Neworbabdus species is Xenorbabdus nematopbilus

Preferred Seratia species include Servatia entomophiia and Servatia profeamacitians.

I

A prefexced Rbiobuny species s Rbizobinm psendomonmas.
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Plants

ks

The plant cells, and plants in which the encapsulated proteins are expressed may be from any

plant species.

It one embodument the plant cell or plant, ts from a gymnosperm plant species.

In a further embodiment the plant cell or plant, i1s from an angiosperm plant species.

In a further embodiment the plant cell or plant, is from a from dicotyledonous plant species.

Preferred dicotyledonous genera include: Awyadalns, Anacarduim, Anemone, Arachis, Brassica,
Cajans, Cannabis, Carthamins, Carya, Ceiba, Cicer, Claytonia, Coriandrmmn, Coronilla, Corydalis,

Crotalaria, Cyclamen, Dentaria, Dicentra, Dolichos, Eiranthis, G

. Lespedeza,

A2

Preferred dicotvledonous species mclude: Awyadalus communis, Anacarditm occidentale, Anemone

arericana, Anemone occdentalis, Arachis bypogaen, Arachis bypogea, Brassica napus Rape, Brassica 1
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Preferved plants include crop plants, such as cotton, sorghum, matze, wheat, rice, soy and

i 5
barley.
Plant parts, propagues and progeny

The term “plant” 15 intended to mchide a whole plant, any part of a plant, a seed, a fruit,

propagules and progeny of a plant.

The texm ‘propagule’ means any part of a plant that may be used m reproduction or

propagation, either sexval or asexual, including seeds and cuattings.
A (= < - [ i

The plants of the invention may be grown and either self-ed or crossed with a different plant
strain and the resulting progeny, compusing the polynucleotides or constructs of the
invention, and/or expressing the polypeptide sequences of the invention, also form an part of

the present invention.

Preferably the plants, plant parts, propagules and progeny comprise a polynucleotide or

construct of the invention, and/or exptess 2 polypeptide sequence of the invention.
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The term “agricultaraily acceptable carrier” covers all liquid and solid carriers known in the art
such as water and oils, as well as adjuvants, dispersants, binders, wettants, sarfactants,
humectants tackifiers, formulation excipiants, and the like that are ordinartly known for use in

the preparation of control compositions, including insecticide composttions.

The phrase “mnsecticidal activity” means actvity in at least one of: killing, slowing the growth

of, preventing reproduction of, and reducing numbers of any given msect.

An “masect pest” is an insect that causes damage to a npon-igsect resistant plant.

The “pharmmaceutical composition” includes the encapsulated protein of the invention or

prodoced by the method of the invention.

The “pharamaceutical composition” may also include the use of formulation chemistry,
including but not himited to methods described 1n: Pharmaceutical Formulation Development
of Peptides and Proteins, Second Edition Published: November 14, 2012 by CRC Press - 392
Pages

Editot(s): Lars Hovgaard, Novo Nordisk A/S, Malov, Denmark; Sven Frokjaer, University of

Copenhagen, Denmark; Marco van de Weert, University of Copenhagen, Denmark.

The term "pharmaceutical” is intended to cover veterinary applications as well as human
health application. Animal that may be treated for veternary applications include agricultural
animals such as cows, sheep, goats, pigs, horses, chickens, deer, as weil as companion antmals

such as dogs, cats and rabbits.

Polyancleotides and frapments

I3 25

The termn “polynucleotide(s),” as used herein, means a single or double-stranded
deoxyribonucleotide or rbonucleotide polymer of any length but preferably at lease 15
nucieotides, and mnchide as non-hmiting exaroples, coding and non-coding sequences of a
gene, sense and antisense sequences complements, exons, ntrons, genomic DNA, cDNA,
pre-mRNA, mRNA, rRNA, siRNA, miRNA, tRNA, nbozymes, recombinant polypeptides,
isolated and purified natorally occurring DNA or RINA sequences, synthetic RINA and DNA

sequences, nucleic acid probes, primers and fragments.
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A “fragment” of a polynucleotide sequence provided herein is 2 subsequence of contiguous

nucleotides.

The term “primer” refers to a short polynucleotide, usually having a free 3OH group, that is
hybridized to 2 temoplate and used for prming polymerization of a polynucleotide

compiementary to the target.

The term “probe” refers to a short polynucieotide that is used to detect a polynucleotide
sequence that 1s complementary to the probe, in a hybudization-based assay. The probe may

constst of a “fragroent” of 2 polynucleotide as defined herein.
Polypeptides and frapments

The term “polypeptide”, as wsed heretn, encornpasses amino acid chains of any length but
preferably at feast 5 amino acids, mcluding foll-dength proteins, in which amino acid residues
are inked by covalent peptide bonds. Polypeptides of the present invention, or used in the
methods of the mvendon, may be purified natural products, or may be produced partally or

wholly using recombinant or synthetic techmques.

A “frapment” of a polypeptide is a subsequence of the polypeptide that preferably performs a
fanction of and/or provides three dimensional structure of the polypeptide. The term may
refer to a polypeptde, an aggregate of a polypeptide such as a dimer or other multmer, 2
tuston polypeptide, a polypeptide fragment, a polypeptide vanant, or derivative thereot

capable of performing the above enzymatic activity.

The term “isolated” as applied to the polynucleotide or polypeptide sequences disclosed
herem 1s used to refer to sequences that are rermoved from their natural cellular environment.
An isolated molecole may be obtained by any method or combination of methods including

biochemical, tecornbinant, and synthetic technuques.

The term “recombinant” refers to a polynucleotide sequence that 1s removed from sequences
that surround it in its natural context and/or is recombined with sequences that are ot

present i its natural context.

A “recombinant” polypeptide sequence is produced by translation from a “recombinant”

polynucleotide sequence.
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The term “dertved from” with respect to polynucleotides or polypeptides being dertved from
a particular genera or species, means that the polynucieotide or polypeptide has the same
sequence as a polynucleotide or polypeptide found natorally in that genera or species. The

polynucleotide or polypeptide, derived from a particular genera or species, may therefore be

produced synthetically or recombinantly.
Varianis

As used herein, the term “varant” refers to polynucieotide or polypeptide sequences ditferent
from the spectfically identified sequences, whetein one or more nucleotides or amino acd
restducs 1s deleted, substituted, or added. Varants may be naturally occurring allehic varants,
or non-naturally occurring vanants, Variants ray be from the same or from other species and
may encompass homoiogues, paralogues and orthologues.  In certain embodiments, vadants
of the inventive polypeptides and polypeptdes possess biclogical activities that are the satmoe
or simtlar to those of the inventve polypeptides or polypeptides. The term “variant” with
reference to polypeptides and polypeptides encompasses all forms of polypeptides and

polypeptides as defined herein.
Polynuiciestide variants

Vanant polynucleoude sequences preferably exhibit at least 50%, more preferably at least

51%, more preferably at least 52%, more preferably at least 53%

3 , more preferably at least
54%, rore preferably at least 55%, more preferably at least 56%, more preferably at least
57%, more preferably at least 58%, more preferably at least 59%, more preferably at least

v

60%, more preferably at least 61%, more preferably at least 62%, more preferably at least

ze)

63%, more preferably at least 64%, more preferably at least 65%, more preferably at least
66%, more preferably at least 67%, more preferably at least 68%, more preferably at least

9%, more preferably at least 70%, more preferably at least 71

3 Yo, more preferably at least
72%, more preferably at least 73%, more preferably at least 74%, more preferably at least
75%, more preferably at least 76%, more preferably at least 77%, more preferably at least
78%, more preferably at least 79%, more preferably at least 80%, more preferably at least
81%, more preferably at least 82%, more preferably at least 83%, more preferably at least
&4%, more preferably at least 85%, more preferably at least 86%, more preferably at least

87%, rmore preferably at least 88%, more preferably at least 8§9%, more preferably at least

90%, more preferably at least 91%, more preferably at least 92%, more preferably at least
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3%, more preferably at least 94%

s, more preferably at least 95%, more preferably at least
96%, more preferably at least 97%, more preferably at least 98%, and most preferably at least
99% identity to a sequence of the present nventon. Identity is found over a comparison
window of at least 20 nucleotide positions, preferably at least 50 nucleotide positions, more

preferably at least 100 nucleotide positions, and most preferably over the entire length of a

polynucleotide of the mnvention.

Polynucleotide sequence identity can be determined in the following manner. The subject
polynucleotide sequence 1s compared to a candidate po‘iynudeotid(: sequence using BLASTN

{from the BLAST suite of programs, version 2.2.5 {Nov (Tatiana A. Tatusova,

Thomas L. Madden (1999), "Blast 2 sequences - a new tool for comparing protein and
nucleotide sequences”, FEMS Microbiol Lett. 174:247-250), which is publicly available from
the NCBI website on the World Wide Web at
fip:/ /frp<dot>nchi<dot>nih<dot>gov/blast/. The default parameters of biZseq are udlized

except that filtering of low complexity parts should be turned off.

The identity of polynucleotide sequences may be examined using the following unix command

line parameters:
biZseq —1 nucicotideseql — nucleotideseq? —F F —p blastn

The parameter —F I turns off filtering of low complexity sections. The parameter —p selects
the appropuate algorithm for the pair of sequences. The bl2seq program reports sequence

identity as both the number and percentage of identical nucleotides in a line “Tdeatities =

Polynucleotide sequence identity may also be calculated over the entire length of the overap
between a candidate and subject polynucleonde sequences using global sequence alignment
programs {e.g. Needleman, 8. B. and Wunsch, C. D. (1970) J. Mol. Biol. 48, 443-453). A fuil
implementation of the Needleman-Wunsch global alignment algorithm 1s found 1 the needle
program 10 the EMBOSS package (Rice,P. Longdenl and Bleasby A. EMBOSS: The
Furopean Molecular Biology Open Software Suite, Trends 10 Genetics June 2000, vol 16, No
6. pp.276-277) which  can  be obtained from the wordd wide web at
hetp:/ /www<dot>hgmp<dot>mre<dot>ac<dot>uk/Softwate/EMBOSS/. The BEuropean
Biomformatics Institute server also provides the facility to perform EMBOSS-needie global
alignments between two sequences on line at

http:,/www«fdot >ebi<dot>ac<dot>uk/embo bb/zlngn/
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Alternatively the GAP program may be used which computes an optimal global alignment of
two sequences without penalizing terminal gaps. GAP is described i the following paper:
Huoang, X. (1994) On Global Sequence Alignment. Computer Applications in the Biosciences

10, 227-235.

A preferred method for calculating polynucleotide % sequence identity is based on aligning
sequences to be compared using Clustal X (Jeanmougm et al, 1998, Trends Biochem. Sci. 23,

403-5.)

Polynucleotide vartants also encompass those which exhibit 2 sumularity to one or more of the
. . ‘ i L . )

spectfically identified sequences that is likely to preserve the functional equivalence of those
sequences and which could not reasonably be expected to have occurred by random chance.
Such sequence stmiarity with respect to polypeptides mav be determined usinie the publicly

) T 3 3 g F ¥
avatlable bi2seq program from the BLAST suite of programs (version 2.2.5 [Nov 2002]) from
the MNCBI website on the World Wide Web at

ftp:/ /fp<tdot>ncbi<dot>nth<dot>gov/blast/.

The similatity of polynucleotide sequences may be examined using the following unix

command line parameters:
blZseq —1 nucleotideseql — nucleotideseq2 —F I —p thlastx

The parameter —F F turns off filtermg of low cornplexity sections. The patameter —p selects
the appropriate algorithm for the pair of sequences. This program finds regions of similarity
between the sequences and for each such region reports an “E value” which is the expected
number of times one could expect to see such a match by chance inn a database of 2 fixed
reference size containing random sequences. The size of this database 1s set by default in the
bl2seq program. For small E values, much less than one, the E value is approximately the

probabiiity of such a random match.

Vanant polynuclectide sequences preferably exhibit an E value of less than 1 x 10 -6 more
preferably less than 1 = 10 -9, more preferably less than 1 x 10 -12, more preferably less than 1
x 10 -15, more preferably less than 1 x 10 -18, more preferably less than 1 x 10 -21, more
preferably less than 1 x 10 -30, more preferably less than 1 x 10 -40, more preferably less
than 1 x 10 -50, more preferably less than 1 x 10 -60, more preferably less than 1 x 10 -70,

mote preferably less than 1 x 10 -80, more preferably less than 1 x 10 -90 and most
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preferably less than 1 x 10-100 when compared with any one of the specifically identified

&

Sﬁ(}l]ﬁﬁCﬁS.

Alternatively, vadant polynucleotides of the present invention, or used in the methods of the
mvention, hybridize to the specified polynucleotide sequences, or complements thercof under
stringent conditions,

The term "hybridize under stringent conditions”, and grammatical equivalents thereof, refers
to the ability of a polynucleotide molecuie to hybridize to 2 target polynucleotide molecule
{such as a target polynucleotide molecule tmmobilized on a DNA or RNA blot, such as a
Southern blot or Northern blot) under defined conditions of temperature and salt
concentration. The ability to hybudize vader stangent hybrdization conditions can be
determined by initially hybrdizing under less stringent conditions then increasmg the

stringency to the desired stringency.

With respect to polynucieotide molecules greater than about 100 bases n length, typical
stringent hybuadization conditions are no more than 25 to 30° C (for example, 10° C) below

the melting temperatare (Tm} of the native duplex (see generally, Sambrook et al,, Eds, 1987,

[oW

Molecular Cloning, A Laboratory Manual, 2ad Ed. Cold Spring Harbor Press; Ausubel et al,,
1987, Current Protocols in Molecular Biology, Greene Publishing). Tm for polynucleotide
molecules greater than about 100 bases can be caleulated by the formuda Tm = 81, 5 + 0. 41%
(G + C-og (MNa+). (Sambrook et al., Eds, 1987, Molecuiar Cloning, A Laboratory Manual, 2nd
Ed. Cold Spring Harbor Press; Bolton and McCarthy, 1962, PNAS 84:1390). Typical stringent
conditions for polynucleotide of greater than 100 bases in length would be hybndizaton
conditions such as prewashing in a solution of 6X SSC, 0.2% SDS; hybndizing at 65°C, 6X
S5C, 0.2% SIS overmght; followed by two washes of 30 minutes each m 1X 55C, 0.1% SDS

at 65° C and two washes of 30 minutes each n 0.2X S5C, 0.1% SIS at 65°C.

With respect to polynucleotide molecules having a length less than 100 bases, exemplary
strngent hybridization conditions are 5 to 10° € below Tm. On average, the Tm of a
polynucieotide molecule of length less than 100 bp is reduced by approximately

(500/ oligonucleotide length)® C.

With respect to the DNA mimics known as peptide nucleic acids (PNAs) (Nielsen et al,
Scienice. 1991 Dec 6;254(5037):1497-500) Tm values are higher than those for DNA-DINA or

DNA-RNA hybrids, and can be calcolated using the formula described m Giesen et al,
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Nucleic Acids Res. 1998 Nov 1;26(21):5004-6. Exemplary strngent hybridization conditions

for a DNA-PNA hybrid having 2 length less than 100 bases are 5 to 10° C below the Tm.

Vagant polynucleotides used 1o the methods of the wmnvention, also encompasses
polynucicotides that differ from the sequences of the invention but that, as a consequence of
the degeneracy of the genetic code, encode a polypeptide having similar activity to a
polypeptide encoded by a polynucleotide of the present invention. A sequence alteration that
does not change the amino acid sequence of the polypeptide is a “silent vartation”. Except for
ATG (methionine) and TGG {tryptophan), other codons for the same amino acid may be
changed by art recognized techniques, e.g., to optirnize codon expression in a particolar host

organism.

Polynucleotide sequence alterations resulting in conservative substitutions of one or severai
. o , . . . C o .
amino acids m the encoded polypeptide sequence without significantly altering tts biological
activity are also inchuded in the mvention. A skilled artisan will be aware of methods for
making phenotypically sdent amino acid substitutions (see, e.g., Bowie et al., 1990, Science

247, 1306).

Vanant polynucleotides due to silent variations and conservative substitutions 1n the encoded
polypeptide sequence may be determined using the publicly available bi2seq program from the
BLAST suite of programs (version 2.2.5 [Nov 2002} from the NCBI website on the World
Wide Web at fip://ftp<dot>ncbi<dot>nith<dot>gov/blast/ via the tblastz algorithm as

previously described.
Polvpeptide variants

The term ‘vamant” with reference to polypeptides encompasses naturally occurring,
recombinantly and synthetically produced polypeptides.  Vanant polypeptide sequences
preferably exhibit at least 50%, more preferably at least 51%, more preferably at least 52%,
mote preferably at least 53%, more preferably at least 54%, more preferably at least !

5
more preferably at least 56%, more preferably at least 57%, more preferably at jeast 58%
] ¥ 5 ) ’ : ¥

N

more preferably at least 59%, more preferably at least 60%, more preferably at least 61%,

more preferably at least 62%, more preferably at least 63%, more preferably at feast 64%,

~

more preferably at least 65%, more preferably at least 66%, rore preferably at least 67%

more preferably at least 68%, more preferably at least 69%, more preferably at least 70%,

at least 73%

[

-

more preferably at least 71%, more preferably at least 72%, more preferably
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more preferably at least 74%, more preferably at least 75%, more preferably at feast 76%,

more preferably at least 77%, more preferably at least 78%, more preferably at least 79%
P J 3 5 5 3

a
more preferably at least 80%, more preferably at least 81%, more preferably at least 82%,
more preferably at least 83%, more preferably at least §4%, more preferably at least 85%,
more preferably at least 86%, more preferably at least 87%, more preferably at least 88%,
more preferably at least 89%, more preferably at least 90%, more preferably at least 91%,
mote preferably at least 92%, more preferably at least 93%, more preferably at least 94%,
more preferably at least 95%, more preferably at least 96%, more preferably at Jeast 97%

mote preferably at least 98%, and most preferably at least 99% identity to a sequences of the

present invention.  Identty s found over a comparnson window of at least 20 amuno acid
positions, preferably at least 50 amno acid positions, more preferably at feast 100 amino acid

posittons, and most preferably over the entite length of a polypeptide of the invention.

¥

Polypeptide seguence identity can be deternnined in the following manner. The subject

YPEf ¥ g

nolypeptide seguence is compared to 2 candidate polvpeptide sequence using BLASTP (from

£ J K p q E X P X q D \

the BLAST suite of programs, version 2.2.5 Nov 20021) in bl2seq, which is publicly available
35 3 i ‘| 5 I 7

from the NCBI website on the World Wide Web at

ftp:/ /fip<dot>ncbi<dot>nib<dot>gov/blast/. The default parameters of biZseq are utilized

except that filtering of low complexity regions should be turned off.

Polypeptide sequence identity may also be calculated over the entire length of the overlap

between a candidate and subject polynucleotide sequences using global sequence alignment

programs. EMBOSS-needie {avatlable at

hetp:/www<dot>ehi<dot>ac<dot>uk/emboss/align/) and GAP (Huang, X. (1994) On

Giohal Seguence Alipnment. Computer Applications in the Biosciences 10, 227-235) as
& > J

discussed above are also suitable giobal sequence alignment programs for calculatng

polypeptide sequence identity.

A preferred method for calculating polypeptide % sequence identity is based on aligning
sequences to be compared using Clustal X (Jeanmougm et al, 1998, Trends Biochem. Sci. 23,

4035

Polypeptide varants used in the methods of the invention, also encompass those which
exhibit a strodarity to one or more of the specifically identified sequences that is likely to

preserve the functional equivalence of those sequences and which could not reasonably be
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expected to bave occurred by random chance. Such sequence simuiarity with respect to
polypeptides may be determined using the publicly avatlable biZseq program from the BLAST
sutte of programs (version 2.2.5 [Nov 2002}) from the NCBI website on the World Wide Web
at fip://ftp.ncbinih.gov /blast/. The similarity of polypeptide sequences may be examined

using the following unix command khine parameters:
yi2seq —1 peptideseqgl —f peptideseg? -F F —p blastp
bi2 1 pepti 1l 1

Varnant polypeptide sequences preferably exhibit an B value of less than 1 x 10 -6 more

- s
4

referably less than 1 x 10 -9, more preferably less than 1 x 10 -12, more preferably less than 1

ze)

x 10 -15, more preferably less than 1 x 10 -18, more preferably less than 1 x 10 -21, more

7

preterably less than 1 x 10 -30, more preferably less than 1 x 10 -40, more preferably less than

J

1 x 10 -50, more preferably less than 1 x 10 -60, more preferably less than 1 x 10 -70, more

preterably less than 1 x 10 -80, more preferably less than 1 x 10 -%0 and most preferably 1x10-

100 when compared with any one of the specifically identified sequences.

The parameter —-F F turns off filtening of low complexity sections. The parameter —p selects
the appropriate algorithm for the pair of sequences. This program finds regions of similarity
between the sequences and for each such region reports an “H value” which 1s the expected
number of times one could expect to see such 2 match by chance in a database of a fixed

reference size contaming random sequences. For small E vabiues, much ess than one, this ts

approzimately the probability of such a random match.

Conservative substitutions of one or several amino acids of a described polypeptide sequence
without significantly altextog its biological activity are also ncluded in the mvention. A skilled
artisan will be aware of methods for making phenotypically sdent armmino acid substitutions

Ly O 4

{see, e.g., Bowie et al,, 1990, Science 247, 1506).

r

Constructs, vectors and components thereof

The termn "genetc construct” refers to a polynuclectide molecule, usually double-stranded
DNA, which may have inserted into it another polynuclestide molecule (the msert
polynucleotide molecule) such as, but not limited to, a ¢cDNA molecule. A genetic construct
may contain the necessary elements that permit transcribing the insert polynucleotide
molecule, and, optionally, translating the transcript into a polypeptide. The insert

polynucieotide molecule may be derived from the host cell, or may be derived from a different
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cell or otganism and/or may be 2 recombinant polynucleotide. Once inside the host celi the
genetic construct may become integrated in the host chromosomal DNA.  The genetic

construct may be linked to a vector.

The term “‘vector” refers to a polynucleotide molecule, usually double stranded DNA, which
s used to transport the genetic constroct wto a host ceil. The vector may be capable of

rephcation in at least one additional host syster, such as [ o/,

The term "expression construct” refers to a genetic construct that mcludes the necessary
‘ N o ‘ ) . ; )
clements that permit transcribing the msert polynucleotide molecule, and, optionally,
trapslating the transcript 1nto a polypeptide. An expression construct typically comprises i a

5 to 3 direction:
a) a promoter functional m the host cell mto which the construct will be

transformed,

1e polynuclestide to be expressed, and

b) th lynucleotide to L : 1, and

c) a terrinator functional in the host cell nto which the construct will be
transformed.

The term “coding region” or “open reading frame” (ORF) refers to the sense strand of a
genomic DNA sequence or a ¢DNA sequence that is capable of producing a transcription
sroduc 1/or nentide ler the control of obriate reoulatory sequences.  The
prodoct and/or 2 polypeptde under the control of appropriate regulatory sequences. The
coding sequence may, in some cases, identified by the presence of a 5 translation start codon
and a 3 translation stop codon. When mserted into a genetic construct, a “coding sequence”
is capable of bemng espressed when it is operably linked to promoter and terminator

SCq‘JCﬁCSS.

“Operabiy-linked” means that the sequenced to be expressed 1s placed under the control of
regulatory elements that include promoters, dssue-specitic regulatory elements, temporal

regulatory elements, enhancers, repressors and terminators,

The term “noncoding region” refers to untranslated sequences that are upstrearn of the
ransiational start site and downstream of the translational stop site. These sequences are aiso
referred to respectively as the 5 UTR and the 3 UTR. These regions include elements

required for transcription initiation and termination, mRNA stability, and for regulation of

translation efficiency.
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Terminators are sequences, which terminate transcription, and are found in the 3" untransiated
ends of genes downstream of the translated sequence. Terminators are important
determinants of mENA stability and in some cases have been found to have spatial regulatory

functions.

The term “promoter” refers to nontranscrbed cis-regulatory elements apstream of the coding
region that regulate gene transcription.  Promoters comprise cis-mitiator elements which
specify the transcription initiation site and conserved boxes such as the TATA box, and
motifs that are bound by transeription factors. Introns within coding sequences can also
regulate transcription and infleence post-transcriptional processing  (inclading  splicing,

capping and polyadenyiation).

A promoter may be homologous with respect to the polynucieotide to be expressed. This

means that the promoter and polynucleotide are found operably linked in nature.

In a preferred embodiment the promoter may be heterologous with respect to the
g s ¥ g |
polynucicotide to be expressed. This means that the promoter and the polynucieotide are oot

found operably linked i nature.

In certain embodiments the polynucleotides/polypeptides of the inventdon may be
andvantageously expessed under the control of selected promoter sequences as descubed

beilow.
Viegetative tissue specific prawofers
> 4 s r

An example of a vegetative specific promoter 1s found m US 6,229,067, and US 7,629,454; and

Us 7,153,953; and US 6,228,643,

77

Polien specific promolers

An example of a pollen specific promoter 1s found in US 7,141,424; and US 5,545,546; and US

5,412,085; and US 5,086,169; and US 7,667,097,

Seed specfic promoters

~

An example of a seed specific promoter 15 found in US 6,342,657; and US 7,081,565; and US

7,405,345; and US 7,642,346; and US 7,371,928, A preferred seed specific promoter is the
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napin promoter of Brassica napus (Josefsson et al., 1987, | Biol Chem. 262(25):12196-201;

Ellerstrém et al, 1996, Plant Molecular Biology, Volume 32, Issue 6, pp 1019-1027).
Frait spectfic prowmoters

An example of a fruit specific promoter s found in US 5,536,653; and US 6,127,17%; and US

5,608,150; and US 4,943,674,
Nowu-photosynthetic tissie prejesved promoters

Non-photosynthetic tissue preferred promoters mclude those preferentially expressed in non-

photosynthetic tisst ues,/ organs of the plant.
Non-photosynthetic tissue preferred promoters may also mchude hight repressed promoters.
Light repressed promoters

An example of a light repressed promoter is found in US 5,639,952 and 1n US 5,656,496.

Raoot specific promoters

An example of a root specific promoter 1s found in US 5,837,848; and US 2004/0067506 and
P P F 3,857,

IS 2001/0047525.
Tuber specific promoters
An example of a tuber specific promoter is found 1o US 6,184,443,

Bulb specific promolers

An example of a bulb specific promoter is found in Smeets et al,, (1997) Plant Physiol.

113:765-771.
Rbizome preferred promoters

An example of a rhizome preferred promoter 1s found Seong Jang et al,, (2006) Plant Physiol.

142:1148-1159.
Findosperny specific promuoters

An example of an endosperm specific promoter 1s found 1n US 7,745,697,
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Cory promoters

An example of a promoter capable of duving expression 1n a corm is found 1a Schenk et al.,

{2001) Plant Molecular Biology, 47:399-412.
Photosythetic tissue preferved promoters

Photosythetic tissue preferred promoters inchade those that are preferrentially expressed in
photosynthetic tissues of the plants. Photosynthetic tissues of the plant mnclude leaves, stems,
shoots and above ground parts of the plant. Photosythetic tissue preferred promoters mclude

light regulated promoters.
Light regulated promaters

Numerous light regulated promoters are known to those skilled in the art and include for
example chlorophyll a/b (Cab) binding protein promoters and Rubisco Small Subunit (SSU)
promoters. An example of a light regulated promoter is found in US 5,750,385, Light

regulated mn this context means light inducible or hight nduced.

A “transgene” 15 a polynucleotide that is taken from one organism and introduced into a
different organism by transformation. The transgene may be denived from the same species
or from a different species as the species of the orgamism into which the transgene is

introduced.
Haost cells

Host cells may be derived from, for example, bacterial, fungal, yeast, insect, mamrmalian, algal
ot plant organisms. Host cells may also be synthetic cells. Preferced host cells are eukaryotic
cells. A particularly preferred host cell 15 a plant cell, particularly a plant cell in a vegetative

tissue of a plant.

A “transgenic plant” refers to a plant which contains new genetic material as a result of
genetic manipulation or transformation. The new genetic material may be derived from a

plant of the sarne species as the resulting transgenic plant or from a different species.
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Methods for isolating or producing polynaclestides

The polynucleotide molecules of the mvention can be 1solated by using a variety of techaiques
known to those of ordinary skill in the art. By way of example, such polypeptides can be
isolated through use of the polymerase chain reaction (PCR) described 10 Mulhis et al., Hds.
1994 The Polymerase Chamn Reaction, Birkbauser, incorporated herein by reference. The

. . . - ) ( ) e e
polypeptides of the invention can be amplitied using primers, as defined herein, derived from

the polynucleotide sequences of the mvention.

Further methods for solating polynucieotides of the invention include use of all, or portions
of, the polypeptides havine the sequence set forth herein as hybridization probes. The
3 % 3 (=] J 3

technique of hybridizing labelied polynucieotide probes to polynucleotides immobilized on
solid supports such as nitrocellolose filters or nylon membranes, can be used to screen the
genomic or cDNA libraries. Exemplary hybridization and wash conditions are: hybridization
for 20 hours at 65°C in 5. 0 X 88C, 0. 5% sodium dodecyl suifate, 1 X Denhardt's solution;
washing (three washes of twenty minutes each at 55°C) in 1. 0 X SSC, 1% (w/v) sodium
dodecyi sulfate, and optdonally one wash (for twenty minutes) in 0. 5 X SSC, 1% (w/v) sodium

odecyl sulfate, at 60°C. An optional further wash (for twenty minutes) can be conducted
dodecyl sulfate, at 60°C. An optional further wash (for twenty minutes) } duct

under conditions of 0.1 X S8C, 1% (w/v) sodium dodecyl sulfate, at 60°C.

The polynucieotide fragments of the mvention may be produced by techniques well-known in
the art such as restriction endonuclease digestion, oligonucleotde synthesis and PCR

amplification.

A partial polynucleotide sequence may be used, n methods well-knowe 1n the art to 1dentify
the corresponding full length polynucleotide sequence. Such methods mclude PCR-based
methods, YRACE (Frobman MA, 1993, Methods Enzymol. 218: 340-56) and hybridization-
based method, computer/database —~based methods. Further, by way of example, inverse
PCR permits acquisition of unknown sequences, flanking the polynucleotide sequences
disclosed herein, starting with primers based on a known region (Trigha et al., 1998, Nuclete
Acids Res 16, 8186, incorporated herein by reference). The method uses several restriction
enzymes to generate a suitable fragment in the known region of a gene. The frapment is then
circularized by intramolecular igation and used as a PCK template. Divergent primers are

designed from the known region. In order to physically assemble full-length clones, standard



WO 2014/170853 PCT/IB2014/060784
47

molecular biclogy approaches can be utilized (Sambrook et al.,, Molecular Cloning: A

Laboratory Manual, Znd Ed. Cold Spring Harbor Press, 1987).

Vagants (including orthologues) may be identified by the methods described.
Methods for identifying vaviants

Physical methods

Vanant polypeptides may be identified using PCR-based methods (Mullis et al., Eds. 1994 The
Polymerase Chain Reaction, Birkhauser). Typically, the polynucleotide sequence of a primer,
useful to amplify vartants of polynucleotide molecules of the mvention by PCR, may be based

on a sequence encoding a conserved region of the corresponding amino acid sequence.

Alternatively library screening methods, well known to those skilled in the art, may be
employed (Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed. Cold Spring
Harbor Press, 1987). When identifying variants of the probe sequence, hybridization and/or

wash stringency will typically be reduced relatively to when exact sequence matches are

3
sougnt.

Polypeptide variants may also be identified by physical methods, for example by screening
expresston libraties using anttbodies raised against polypeptides of the invention (Sambrook et
AY

al., Molecular Cloning: A Laboratory Manual, 2nd Ed. Cold Spring Harbor Press, 1987) or by

identifying polypeptides from natural sources with the aid of such antibodies.
Compuiter based meibods

The vanant sequences of the invention, including both polynucleotide and polypeptide
variants, may also be identified by computer-based methods well-known to those skilled 10 the
art, using public domain sequence alignment algorithros and sequence sandlarity search tools
to search sequence databases (public domain databases include Genbank, EMBL, Swiss-Prot,
PIR and others). See, ¢.g., Nucletc Acids Res. 29: 1-10 and 11-16, 2001 for examples of online
resources. Similarity searches retrieve and align target sequences for comparison with a
sequenice to be analyzed (Le., a query sequence). Sequence comparison algorithms use scoring

matrices to assign an overall score to each of the alignments.
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An exemplary family of programs useful for identitying vatiants in sequence databases is the
BLAST suite of programs (version 2.2.5 [Nov 2002}) including BLASTIN, BLASTP, BLASTX,
tBLASTN and tBLASTX, which are publicly available from (ftp://ftp.ncbinth.gov/blast/) or
from the Natonal Center for Biotechnology Information (NCBI), National Library of
Medicine, Building 38A, Room 8N805, Bethesda, MD 20894 USA. The NCBI server also
provides the facility to use the programs to screen a number of publicly available sequence
databases. BLASTN compares a nucleotide query sequence against a nucleotide sequence
database. BLASTP compates an amino acid query sequence against a protein sequence
database. BLASTX compares a nucieotide query sequence translated 1o all reading frames
against a protein sequence database. tBLASTN compares a protein query sequetice against a
nucleotide sequence database dynamically translated in all reading frames. (BLASTX
compares the six-frame translations of 3 nucleotide query sequence against the six-frame
transiations of a nucleotide sequence database. The BLAST programs may be used with

defauit parameters or the parameters may be altered as required to refine the screen.

The use of the BLAST family of algorithuns, including BLASTN, BLASTP, and BLASTX s

described in the publication of Altschul et al., Nucleic Acids Res. 25: 3389.-3402, 1997,

The “hits” to one or more database sequences by a queried sequence produced by BLASTN,
BLASTP, BLASTX, (BLASTN, tBLASTX, or a simular algorithm, align and idenufy similar
portions of sequences. The hits are arranged n order of the degree of sunarity and the
length of sequence overlap. Hits to a database sequence generally represent an overap over

ouly a fraction of the sequence length of the querted sequence.

The BLASTN, BLASTP, BLASTY, tBLASTN and tBLASTX algonithms also produce

“Hxpect” values for alignments. The Dxpect value (B} indicates the number of hits one can

"expect” to see by chance when searching a database of the same size containing random
contiguous sequences. Lhe Expect value 1s used as a significance threshold for determining
whether the hit to a database indicates true sumilanity. For exampie, an E value of 0.1 assigned
to a polynucleotide hit is mterpreted as meaning that in a database of the size of the database
screened, one might expect to see 0.1 matches over the aligned portion of the sequence with a

similar score simply by chance. For sequences having an E value of 0.01 ox less over aligned

and matched portons, the probability of finding a match by chance in that database 1s 1% or

less using the BLASTN, BLASTP, BLASTX, tBLASTN or tBLASTX algorithm.
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Muitple sequence alignments of a group of related sequences can be carred out with
CLUSTALW (Thompson, .D., Higgins, 3.G. and Gibson, T.J. (1994) CLUSTALW:
mnproving the sensitivity of progressive multiple sequence alignment through sequence
weighting, positions-specific gap penalties and weight matrix choice. Nucleic Acids Research,
22:4673-4680, http:/ / www-igbmc.u-strasbg.fr/BioInfo/ ClustalW/Top html) or T-COFFEE
{Cedric Notredame, Desmond G. Higgins, Jaap Heringa, T-Coffee: A novel method for fast
and accurate multiple sequence alignment, J. Mol Biol. (2000) 302: 205-217)) or PILEUP,

which uses progressive, patrwise alignments. (Feng and Doolitte, 1987, J. Mol. Evol. 25, 351).

Pattern recognition software applications are available for finding motifs or signature
sequences.  For example, MEMIL (Multple Em for Monf Ehcitation) finds motifs and
signature sequernces in a set of sequences, and MAST (Motif Alignment and Search Tool) uses
these motifs to identfy sumilar or the same motifs in query sequences. The MAST results are
provided as 2 sedes of alignments with appropriate statistical data and a visual overview of the

motifs found. MEME and MAST were developed at the University of California, San Diego

PROSITE (Bairoch and Bucher, 1994, Nucleic Acids Res. 22, 3583; Hofmann et al, 1999,
Nucleic Acids Res. 27, 215) is a method of identifying the functions of uncharacterized
proteins  translated from genomic or cDINA  sequences. The PROSITE  database
(www.cxpasy.org/prosite) contains biologically significant patterns and profiles and s
designed so that it can be used with appropriate computational tools to assign a new sequence
to a known family of protetns or to determune which known domain(s) are present in the

sequence ( alquu et al., 2002, Nucleic Acids Res. 30, . Prosearch 5 a tool that can search

Methods for isolating polypeplides

The polypeptides used in the methods of the mvention, including vanant polypeptides, may be
prepared using peptide synthesis methods well known in the art such as direct peptide
synthesis using solid phase techniques (e.g. Stewart et al,, 1969, in Sohd-Phase Peptide
Synthesis, WIH Freeman Co, San Francisco California, or automated synthesis, for example
using an Applied Biosysterns 431 A Peptide Synthesizer (Foster City, California). Mutated

forms of the polypeptides may also be produced during such syntheses.
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The polypeptides and vaxtant polypeptides used in the methods of the mvention, may also be
purified from natural sources using a varety of techniques that are well known i the art (e.g.

Dreutscher, 1990, Ed, Methods i Enzymology, Vol. 182, Guide to Protein Purification).

Alternatively the polypeptides and variant polypeptides used i the methods of the invention,

may be expressed recombinantly i suitabie host cells and separated from the cells as

discussed below.
Methads for producing constructs and vectors

The genetic constructs expressing the encapsulated proteins according to the invention may
be wvseful for transforming, for ezample, bacterial, fungal, insect, mammalian or plant
organisms. The genetic constructs of the invention are mtended to include expression

constructs as herein defined.

Methods for producing and using genetic constructs and vectors are well known in the art and
are described generally in Sambrook et al, Molecular Cloning: A Laboratory Manual, 20d Ed.
Cold Spring Harbor Press, 1987 ; Ausubel et al, Current Protocols in Molecular Biology,

Greene Publishing, 1987).

Polynucleotides, expression cassettes, and constructs can also be conveniently syathesized in

their entirety using techmiques well-known and or available to those skilled 1 the axt

Methods for producing host cells comprising polynacieotides, constriicts or vectors

A

Host cells comprising genetic constructs, such as expression constracts, of the invention are
useful in methods well known in the art (e.g. Sambrook et al, Molecular Cloning @ A
Laboratory Manual, 2nd Ed. Cold Spring Harbor Press, 1987 ; Ausubel et al, Current
Protocols in Molecular Biology, Greene Publishing, 1987) for recombinant production of
encapsulated proteins. Such methods may mvolve the culture of host cells in an appropuiate
medium in conditions suitable for or conducive to expression of a polypeptide of the
mvention. The expressed recombinant polypeptide, which may optionally be secreted mto the
culture, may then be separated from the medum, host cells or culture medium by methods
well known in the art (e.g. Deutscher, Ed, 1990, Methods in Enzymology, Vol 182, Guide to

Protein Punfication).
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Metheds for producing plant cells and plants comprising constructs and vectors

The mvention further provides methods for producing plant cells and plants expressing the

&

encapsulated protems.

Methods for transforming plant cells, plants and portions thereof with polypeptides are
described in Draper et al, 1988, Plant Genetic Transformation and Gene Expression. A
Laboratory Manual, Blackwell Sci. Pub. Oxford, p. 365; Potrvkus and Spangenburg, 1995,
Gene Transfer to Plants. Springer-Verlag, Berin,; and Gelvin et al., 1993, Plant Molecular
Biol. Manual. Kluwer Acad. Pub. Dordrecht. A review of transgenic plants, including
transformation techniques, 1s provided 1o Galun and Breiman, 1997, Transgenic Plants.

Imperial College Press, Londorn.
& ;

Methods for genctic manipulation of plants

v

A nuomber of plant transformation strategies are available {e.g. Bixch, 1997, Ann Rev Plant
Phys Plant Mol Biol, 48, 297; Hellens et al,, 2000, Plant Mol Biol 42: 819-32; Hellens et al,,
Plant Meth 1: 13). For example, strategics may be designed to increase expression of a
poiynudeotide/ polypeptide 1 a plant cell, organ and/or at a particular developmental stage
where/when 1t 1s normally expressed or to ectopically express a polynucleotide/ polypeptide in
a cell, tissue, organ and/or at a particular developmental stage which/when it is not normally
expressed. The expressed polynucleotide/polypeptide may be derived from the plant species

Malod

to be transformed or may be denved from a different plant species.

Genetic constructs for expression of genes in transgenic plants typically include promoters for
driving the expression of one or more cloned polynucleotide, terminators and selectable

marker sequences to detect presence of the genetic construct in the transformed plant.

ol

The promoters suitable for use m the constructs of this invention are functonal in a cell,
tissue or organ of a monocet or dicot piant and mnclude cell-, tissue- and organ-specific
promoters, cell cycle specific promoters, temporal promoters, mducible promoters,
constitutive promoters that are active in most plant tssues, and recombinant promoters.
Choice of promoter will depend upon the temporal and spatial expression of the cloned
polynucieotide, so desired. The promoters may be those normally associated with a transgene
of interest, or promoters which are derived from genes of other plants, viruses, and plant

pathogenic bacteria and fungl. Those skilied in the art will, without undue experimentation,
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be able to select promoters that are suitable for use 1 modifying and modulating plant traits
using genetic constructs comprising the polynucleotide sequences of the mvention. Hxamples
of constitutive plant promoters include the CaMV 35S promoter, the nopaline synthase
promoter and the octopine synthase promoter, and the Ubi 1 promoter from matze. Plant
promoters which are active 1n specific tissues respond to internal developmental signals ox
external abiotic or biotic stresses are described in the scientific lterature.  Exemplary
promoters are described, eg., in WO 02/008%94 and WO2011/053169, which is herein

incorporated by reference.

Exemplary terminators that are commoniy used in plant transformation genetic construct
mclade, e.g., the cauliflower mosaic virus (CaMV) 355 termunator, the Agrobacterim fumefaciens

nopaline synthase or octopine synthase terminators, the Zeg mays zein gene terminator, the

Oryza sativa ADP-glucose pyrophosphorylase terminator and the Solamum tuberosum PI1-11

terminator.

Selectable markers commonly used in plant transformation mclude the neomycin
phophotransferase I gene (NPT II) which confers kanamycin resistance, the aadA gene,
which confers spectinomycin and streptomycin resistance, the phosphinothrcin acetyl
transferase (bar gene) for Ignite (AgrEvo) and Basta (Hoechst) resistance, and the hygromycin

phosphotransferase gene ( hpt) for hygromycin resistance.

The following are representative publications disclosing genetic transformation protocols that
can be used to genetically transform the following plant species: Rice {Alam et al, 1999, Plant
Cell Rep. 18, 572); apple (Yao et al., 1995, Plant Cell Reports 14, 407-412); maize (US Patent
Serial Nos. 5, 177, 010 and 5, 981, 840); wheat (Ortiz et al., 1996, Plant Cell Rep. 15, 1996,

877); tomato (US Patent Serial No. 5, 159, 135); potato (Kumar et al,, 1996 Plant . 9, : 821

-

)
cassava (L1 et al., 1996 Nat. Biotechnology 14, 736); lettuce (Michelmore et al., 1987, Plant Cell
Rep. 6, 439); tobacco (Horsch et al,, 1985, Science 227, 1229); cotton (US Patent Sertal Nos. 5,
846, 797 and 5, 004, 863); grasses (IS Patent Nos. 5, 187, 073 and 6. 020, 539); peppermant
{(Nu et al., 1998, Plant Cell Rep. 17, 165); citrus plants Pena et al,, 1995, Plant S5¢i.104, 183);
caraway (Krens et al., 1997, Plant Celi Rep, 17, 39); banana (US Patent Serial No. 5, 792, 935);
soybean (US Patent Nos. 5, 416, 0115 5, 569, 834 ; 5, 824, 877 ; 5, 563, 04455 and 5, 968, 830);
pineapple (US Patent Serial No. 5, 952, 543); poplar (US Patent No. 4, 795, 855); monocots in

general (S Patent Nos. 5, 591, 616 and 6, 037, 522); brassica (U5 Patent Nos. 5, 188, 958 ;

463, 174 and 5, 750, 871); cereals (US Patent No. 6, 074, 877); pear (Matsuda et al., 2005, Plant
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Cell Rep. 24(1):45-51); Prunus (Raroesh et al,, 2006 Plant Cell Rep. 25(8):821-8; Seng and Sink
2005 Plant Celi Rep. 2006 ;,25(2):117-23; Gonzalez Padilla et al., 2003 Plant Cell Rep.22(1):38-
45); strawberry (Oosami et al., 2006 Planta, 223(6):1219-30; Folta et al., 2006 Planta Apr 14;
PMID: 16614818), rose (11 et al., 2003}, Rubus (Graham et al., 1995 Methods Mol Biol.
1995;44:129-33), romato (Dan et al,, 2006, Plant Cell Reports V25:432-441), apple (Yao et al,,

32,
1995, Plant Cell Rep. 14, 407-412), Canola (Brassica napus 1.).{Cardoza and Stewart, 2006
Methods Mol Biol. 343:257-66), safflower (Orlikowska 7 4/, 1995, Plant Cell Tissue and Organ
Cultare 40:85-91), ryegrass {Altpeter et al., 2004 Developments in Plant Breeding 11(7):255-
250), rice (Chustou et al., 1991 Nature Biotech. 9:957-962), matze (Wang et al., 2009 In:

Handbook of Matze pp. 609-639) and Actinidia eriantha (Wang et al., 2006, Plant Ceil Rep.
25,5: 425-31). Transtormation of other species is also contemplated by the invendon.

Suitable methods and protocols are avatlable in the scientfic lteratuxe.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the structure of the YenB/YenCZ-N complex. 2, Ribbon diagtam of
YenB/YenC2-N. YenB is on the left in light grey and YenC is on the right in datk grey. b-c,
Orthoganol views of the complex, with the central cavity shown as a translocent surface and
the protein as grey rnbbons, and with approximate interior and exterior diameters marked.
The positton of an RGD mouf 15 shown with a circle. d, a schematic topology diagram of the

structure with ci-helices shown as cylinders and B-sheets as arrows, and the domains labelied.

Figure 2 shows sitructural details of the YenC2-N auto-proteolysis site.  The site of auto-
g ! )

proteolysis in YenC. The residues immediately upstream of the cleavage pomnt are 1686, P687,
D688, G6RY and MGO90. The side chains of a selection of residues conserved m the RHS-
associated core domain are shown. The distance (6.3 A) between the two conserved residues
that are essential for proteolysis, 12686 and 12663, 1s shown in dark grey. The side chamn of
663 1s within hydrogen-bonding distance of the terminal carboxyl

group of the cleaved

peptide (distances (2.8 A and 3.2 A) shown in light grey).
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Figure 3 showns RHS repeat structure. a, A section of the shell showing the pattern of RHS
repeats, viewed from the mside of the central cavity. A single RHS repeat 1s highlighted with 2
grey background box. The ordered loop made by the DxxG motif 1s shown at the top and the
conserved pattern of hydrophobic residues on the face of the B-sheet is shown in datk grey
{conserved tyrosines) and light grey (other hydrophobic residues). b, The same face of the B-
sheet shown as a solvent accessible surface and coloured by side-chain hydrophobicity
{(hydrophiiic as white, hydrophbobic as dark grey, protein backbone as mud grey). The stripe

formed by the conserved hydrophobic residues is boxed with a dashed line.

Figure 4 shows the position of the YenB /YenC2-N complex in the complete Yen-Tc particle.
a-b, The YenB/YenC2-N dimer is shown as a ribbon diagram, fitted to fitted to EM class
averages of the complete Yen-Te toxin particle. ¢-d, Orthogonal views of the complete Yen-
Tc complex. The YenB/YenC2-N dimer is shown as a ribbon diagram. The associated
chitinases Chil™ and ChiZ (PDB ID: 4DWS) are shown as pale grey tbbon diagraros. The EM

map of the YenA/Chil/Chi2 complex determined at a resolution of 17A by single particie

. o . 5 . .
averaging = is shown as a light grey surface.

Figure 5 shows a topology diagram of YenB/YenC2-N. The YenB/YenC2-N structure is
shown in schematic form with o-helices as cylinders and B-sheets as arrows. The start and
end points of secondary structure clements are indicated. The domains are composed as
follows: P-strands 1-29, YenB SpvB domain; B-strands 30-50, YenB B-propelier domain; -
strands 51-92 (ight grey), the remainder of YenB; P-strands 1-44 {dark grey), YenC2-N; B-

strands 45-49 (dark grey), YenC2-IN RHS hyper-conserved core domain.
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Figure 6 shows SAXS bead models of YenB/YenC2 and YenB/YenC2-N. a and ¢, a slice
through the gk initio bead models produced from smail-angle X-ray scattering of YenB/YenC2
and YenB/Yen(C2-N respectively. The model of YenB/YenC2-N has 2 large wnternal cavity
shown in datk grey, absent from the model of YenB/YenC2. b and 4, fit of the 46 /uitio bead

maodels to scattering data.

Figure 7 showns SAXS data for YenB/YenC2. a, purity of YenB/YenC2 sample for SAXS

analysis, shown by size exclusion chromatography trace and SDS-PAGE (nset). b, SAXS data

for YenB/YenC2 as a log-log plot. Inset is a Guinter plot of the low-¢g tegion. ¢, P(s) plot fox

YenB/YenC2 with D = 134 A, d, scattering of YenB/YenC2 compared to the theoretical
/ max 3 el ’

scattering of the YenB/YenC2-N crystal structure, highlighting the poor fit.

Figure 8 shows SAXS data for YenB/YenC2-N. a, purity of YenB/YenC2-N sample for
SAXS analysis, shown by size exciusion chromatography trace and SDS-PAGE (nset). b,
SAXS data for YenB/YenC2-N as a log-log plot. Inset is 2 Guinier plot of the low-g region.
c, P(A plot for YenB/YenC2-N with D = 138 A. d, scattering of YenB/YenC2-N

compared to the theoretical scattering of the YenB/Yen(2-N crystal structare.

Figure 9 shows the effect of point mutations on Yen( 2 self-cleavage. When co-expressed
l%) }D

with YenB, wid-type YenC2 (WT) self-cleaves following M690. Three pomt mutations

(R650A, 663N, and DO6B6IN) were found to abrogate self-cleavage.

Figure 10 profide-HMM logos of RHS and YD repeats. Profile-HMM logos of an RHS repeat

{a) and a YIJ repeat (b) show that these two repeats have the same consensus sequence.
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Figure 11 shows the E. w/f CNF1 catalytic domain compared with YenB/YenC2-N. The
catalytic domain of E. ca/f CNF1 (dark grey surface representation), which is homologous to
YenC1-C, is shown manuaily placed inside the holiow shell formed by YenB/YenC2-N

{cartoon diagram). This shows that the central cavity of YenB/YenC2-N is large encugh to

accomodate the C-terminal toxin domain of the YenC protems.

Figuare 12. Profile-HMM that describes the RHS repeat, as defmed in the Pfam database

(htep:/ /plam<dot>sanger<dot>ac<dot>uk/family /PFO5593).

Figure 13. Profile-HMM that describes the YD repeat, as defined in the TIGRfams
database (http:/ /www<dot>jevi<dot>org/cgi-bin

/tigrfams/HmmReportPage.cgiracc=TIGRO1643)

Figure 14. Composite profile-HHMM that describes both the RHS repeat and the YD
repeat, constructed using the program Jackhmmier

(htep:/ /hmmer<dot>janclia<dot>org/search/jackhmmer).

Figure 15. Profde-HMM that describes the RHS repeat-associated core domain, as
defined in the TIGRams database (hetp:/ /www<dot>jevi<dot>org/cgi-bin

/tigrfams/HmmReportPage<dot>cgitacc=TIGRO3696).

Figure 16. a, Size exclusion chromatography trace of TeB:TcC-GEFP fusion at pH7.5; b,
SDS-PAGE of fractions from size exclusion trace in panel a). Peakl - GFP encapsulated in

TeB:TeC shell, Peak 2 non bound GFP; ¢, left microcentrifuge tube contains protein from
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Peak 1 (no floorescence) and right microcentrifuge tube contains released GEFP from Peak 2

{fhuorescence under UV diumination).
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EXAMPLES

The wvention will now be exemplified with reference to the following non-hmiting Examples

Example 1. Elucidation of the structure of the complex formed between the TeB and

TeC components of ABC toxin complexes (T¢).

The ABC toxin complexes {T'¢) produced by some bacteria are of nterest due to their poteat

2 ] . il c B A rpey. 1
“ and potential role in human disease’. They ate composed of at least

oral insecticidal acdvity}
three proteins, TeA, TeB and TeC, which must assemble together in order to be tully toxic’,
The carboxy-terminal section of TeC is the mamn cytotoxic coirip011611t5, and displays
remarkable heterogeneity between different Tes. A general model of action has been
proposed, in which the TcA component first binds to the cell surface, is endocytosed and
subsequently forms a pH-tuggered channel, allowing the translocation of TcC into the
Cj;ftap]:ismS, where it can cause cytoskeletal disruption in both insect and mammalian cells. Tc
complexes have been visualised using single particle electron imct'oscopyé’—/, but no high-
resolution structures of the components are avatlable, and the role of TeB in the mechanism
of toxicity reroatns unknown. Here we report the three-dimensional structure of the compiex
between TcB and the conserved amino-terminal section of TeC determined to 2.3A by X-ray
crystallography. These components assemble to form an unprecedented large hollow structure
that encapsulates and sequesters the cytotoxic carboxy-terminal portion of TeC hike the shell
of an egg. The shell is decorated on one end with a f-propeller domain, which mediates
attachment of the TcB/TcC dimer to the TcA component of the complex. Furthermore, the
structire shows how TeC auto-protesiyses when folded 1n complex with TeB. TeC s the first
known protein structure to contain RHS (rearrangerent hot spot) rep{tzatsg, and tHustrates the
structural architecture that is likely to be conserved across this widely distributed bacterial

protein famnily and the related eukaryotic YD-repeat-containing protein family, which mchudes
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the teneurins’. In addition to mdicating the function of these protein faroihies, the structure
suggests a generic mechanism for protem encapsalation and delivery.

ABC toxins were first identified, and have been best characterised, in the bacterium
Photorbabdus  luminescens. The entomopathogenic bacterium  Yersima enfomophaga contains a
related Tc locus where the TcA component 1s split mto two ORFs (YenAl and Yen A2),
along with 2 single TcB gene (YenB) and two TcC genes (YenCl and YenC2)". The TcC
proteins of this and other Tes are similar to the “polymorphic tosins” described by Fhang e/
al' as they have a conserved RHS-repeat-contaming amno-terminal region and a varabie
carboxy-terminal region Y The carboxy-terminal xegions of the Y. enfomophaga TcC proteins are
predicted to have different toxic activities: YenC1-C s homologous to cytotoxic necrotising
factor 1 (CNF1) from Escherichia m,/;im, while YenC2-C 1s homologous to the deaminase Yw]
from Bacilins subtilis”. When YenB and YenC1l or Yen(2 proteins are co-expressed, the YenC
proteins are cleaved at the boundary between the conserved amino-terminal domain and the
variable carboxy-terminal domain.

As the function of TcB protetns in Tes is unknown, we prepared the complex of YenB
(167 kDa) with the conserved N-terminal 76 kDa portion of YenC2 (Yen(C2-N) by co-
expresston and incubation at low pH (Supplementary methods), and solved its structure using
Kexay crystallography (Table 51). The structure reveals a remarkable, intimately associated
heterodimer formed by YenB and YenC2-N that cooperatively fold mto a large, hollow shell

(Fig. 1a). An immediately striking featore is the single long P-sheet, comprised of 76 f-strands
derived from both proteins, that constitutes the majornity of the shell structure. The shell 1s

completed by a second P-sheet formed by 14 strands contributed by YenC2-N, bringing to 90
the total number of B-strands that wrap around what is a substantial central cavity (Fig. 1 b &

o; Fig. 5). The carboxy-texminus of YenB is in close proximity to the ammo-terminus of

YenCZ, suggesting that the two proteins could be produced as a single polypeptide. Evidence
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in support of this can be found m the bacteriom Burkholderia rhizoxinica where a single ORF
{#edB2) encodes an apparent TeB-TeC fusion protein.

The central cavity is a solvent-accesible space approsimately 42 A wide and 87 A long,
with a total enclosed volume of approximately 59,000 A’ The shell is closed at both ends - the
YenB end by a B-propeller domain inserted into the loop between strands 29 and B51, and
the Yen(’2 end by another short strip of B-sheet (strands B45-B49) that spirals inwards,
forming a plug. The overall shape is reminiscent of a hollow egg.

The carboxy-terminal end of YenC2-N (Le. the cleavage site between the two portions
of YenC2) les inside this shell. We thetefore propose that the complete YenB/YenC complex
encapsulates YenC2-C within the shell of B-sheets created by YenB and YenC2-N. This
proposal 15 supported by small-angle X-ray scattering data, which are consistent with a hollow
spheroid for the YenB/YenC2-N complex, but with a solid spheroid for the complete
YenB/YenC2 complex (Supplementary Figs. 2-4 and Tables 8-11). This explains how YenC2-
C rematns tightly associated with the complex after auto-proteolysis, n the absence of any
covalent hiokage between the proteins. In broader terms, this also explams how generally
cytotoxic proteins encoded by the C-termunal regions of TeC proteins, such as dearninases,
catt be safely produced without mntoxication of the producing cell. According to the current
model, the toxic payload, i this case YenC2-C, remains sequestered until exposure to a
change in pH triggers its release’.

The amino acids immediately before the Yen(C2 cleavage site are clearly visible in the
electron density, alowing us to suggest 2 mechamsm of auto-proteolysis. We propose that two
aspartate residues (1663 and D686) positioned either side of the last residue prior to cleavage
(M690), form the catalytic site for proteolysis (Fig. 2). In our structure, they are too far apart
to form the canonical aspartic protease arrangement (6.2 A between carboxyl oxygens), but as

we have visualised the post-cleavage state, it 1s possible that prior to cleavage these residues
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may adopt a slightly different conformation. To establish their role, we made point mutations
that replaced the conserved aspartates with asparagines (D663N & ID686N), and showed that
mutation of either residue completely abolished auto-proteolytic activity (Fig. 9). These
residues are part of the strongly conserved RIS repeat-associated core domain"’ (TIGRfam
TIGRO3696, Interpro IPRO22385), which 1s widely distributed across the archaea, bacteria and
eukaryota. Our steucture therefore shows this domain to be a cryptic aspartic protease.

RHS repeats themselves are present 1a many polymorphic toxin complexes that are
found across a diverse range of bacterial species. Untd now, RHS-repeat containing proteins
bave been stoucturally intractable, making this structure of YenC-N the first of any protem
containing RHS repeats. Individaal RHS repeat protemns can vary in size, and the overall
sequerice conservation across the family 1s low, but 4 consensus sequence for the repeat has
been previously defined: GxxxRYxYDsxGRL{I/T)". When this is mapped onto the structure
of YenC-IN (Fig. 3), it is clear that each RIS repeat corresponds to a single strand-turn-strand
motif, multiple copies of which make up the extended B-sheet of the shell. Although the initial
giycie is not especially well conserved, it marks the hawpin facing the YenC2-end of the shell
The central DxxG creates the hatrpin facing the YenB-end, with the aspartic acid hydrogen-
bonding to the backbone amides of the giyane and adjacent arginine. Thus glycine s Iargely
conserved, but the aspartic acid can be replaced by a glutaroic acid, threonine or serme and
typically the interactions formed remain the same. The YaY motif places the two tyrosine
sidechains inside the shell {coloured magenta in Fig. 3a) where they sit paraliel to each other,
and also stack with the post-hairpin arginine from an adjacent strand. The conserved
hydrophobic amino acids at the C-terminal end of the repeat (coloured yellow m Fig. 3a) also
lie inside the shell, forming a continucus hydrophobic stripe along the face of the B-sheet

composed of tyrosines and leucines/isoleucines on alternating stxands (Fig. 3b).
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The RHS structoral motif 1s present m YenB as well as YenC2-N, albeit with less
sequence conservation. The YenB sequence contains more insertions and extensions within
the RHS repeats than the YenC sequence, which makes identifying the RHS pattern difficult
by sequence conservation alone. However, inspection of the structure reveals many examples
of DxxG turns and tyrosine or phenylalanine sidechains arranged in an equivalent fashion.
Using this structural conservation as a guide, we were able to produce a refined consensus
sequence for the RHS tepeat {Tig. 10) and show that the pattern of conservation s identical to
that seen w1 YD repeats (TIGREam TIGRO1643; Figs. 10, 12, 13, 14) that are found wn many
bacterial and cukaryotc proteins, notably m the extraceibnar domamns of teneurins, which are
developmental signalling proteins conserved from flies to mammals and required for synaptic
partner mﬁtchingm’]’/. We propose that RHS and YD repeats represent 2 conserved stractural
motif that will always give dse to an extended PB-sheet, forming a shell structure sirnilar to that
seen here. Support for this proposal can be found i1n previous low-resolution EM images of
the extracellular domains of mouse teneunn, which revealed globular domain of similar
dimensions to the YenB/YenTce-C Complexm. We predict that the YD-repeat contatning
domains of cukaryotic tencurins will encapsulate their C-terroinal regions, the tencurin
C-terminal associated peptides (T'CAPs), which are known to be active extraceliular signalling
components in mice'

Previous visualisations of complete ABC Tces from Y. ewtomaphage® and P. fuminescens’
have shown that the TeB/TeC complex sits in the vestibule of the channel-forming domain of
TcA, positioned at the end of the Tec complex furthest from the membrane. Fitting the
YenB/YenC-N structure into the 25 A EM map of the P. fumnescens T unambiguously places
the five-bladed B-propeller domain of the TcB/TcC as 2 point of interaction with the TcA
pentamer {Fig. 4). In Tes such as Yen-Te, where the TcA component is encoded by two

separate ORFs, this represents an interacton with YenAZ. We are now able to model the
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N

cotaplete Yen-Tc complex for the first time (Fig. 4) by docking both the YenB/YenC-MN

[

complex and both associated chitinase enzymes, Chil and ChuZ, onto the previously
determined 16 A BEM structure of the Y. entomaphaga YenA pentamer”.

A general model for the injection mechanism of Tcs has been proposed, based on the
HEM structure of a membrane-bound form of the P. Juminescens Tc, in which the C-terminal
domain of TcC 15 translocated m an unfolded state through a transmembrane pore, 15 A in
diameter, formed by TeA. It remains unclear whether the tosic C-terminal region of YenC is
encapsulated in a folded or unfolded state within the YenB/YenC-N shell, but the centeal
cavity 1s large enough to contain the C-terminal region of YenC2 in a folded state, assuming it
adopts the same fold as other dearninases (Fig. 11). As the pore of the TcA channel has not
vet been visualised in an active conformation, it remains a possibility that the translocation
state of the toxin contains an open pore wide enough to allow the passage of a folded protein.
On the other hand, the overall architecture of the YenB/Yen(-N shell, with its conserved
RHS repeats producing an interior hydrophobic pattern of tyrosine, leucine and isoleucine
restdues, 15 reminiscent of the protem chaperone GroBEL”, perhaps implying that the function
of TcB/TeC proteins, and of RHS and YD repeats more generally, is to encapsulate unfolded
proteins. There is support for this idea 1o the ebsexrvation that many polymorphic toxins have
predicted proteases as their toxic components, which weould need to be contained n an
mactive state to prevent proteoiysis of the shell itself.

Release of the encapsulated TcC-C from the TcB/TcC-N shell will require a
conformational change, as there are no gaps 1n the structure large enough for a polypeptide to
pass though. Two possibildes exist: the B-propeller blades could separate, allowing extrusion
of an unfolded polypeptide through the nuddle of the propeller, or the propelier domain could

swing aside like a botte-top, hinged on the B29/330 and B50/B51 loops, which form the only

covalent connections between the B-propeller and the main body of the shell. Either
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mechanism 1s likely to be dependent on both a pH-driven tigger and rechanical nteractions
with the TcA component of the tozin.

The structure of the YenB/YenC-N complex presented here reveals how the cytotoxic
TeC components of ABC-type Tec complexes are processed and contained, demonstrates the
function of the TcB component within the Tec and provides a framework for further
experiments to butld a complete mechanistic model of action for this class of toxins. More
broadly, it also dlluminates the function of the widely distributed RHS and YD repeat families

of proteins, which had vodd now been unknown.

Methods Summary

The YenB/Yen(C2 protein complex was produced by co-expression i E. @/ and purified
using Ni-affinity and size exclusion chromatography. The YenB/Yen(2-N protein complex
was obtained by dialysing YenB/YenC2 against acetate buffer at pH 4.5, filtration and size
exclusion chromatography. Crystallisation was carried out by hanging-drop vapor diffusion
with microseeding in drops containing 18% (w/v) PEG 3350, 0.15 M KI,PO, pH 4.8. X-ray
diffraction data was collected to a resolution of 2.26 A at beamline MX2 at the Australian
Synchrotron™, integrated using XIDS™ and scaled and merged using Aimless™ (Tables 6 and 7).
Phasing was accomplished by a combination of MAD and SAD using Ta,Br,, soaked and

5 . . . 806 - | . . |
selenomethionine-substituted Crystals/’ . Structure refinement and analysis was performed

. T . ; a2 - 2
using Phenix “"and diagrams were produced using PyMol™ and Chimera

Supplementary methods.

YenC-C dissociates at low pH
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When YenB and cither YenCl or YenCZ were co-expressed in E. o/, YenCl and YenCZ2
auto-proteolysed mto two fragments as described previously (ref). In both cases, although all
three protein fragments co-eluted as a single complex when purified by size-exclusion
chromatography, we were unable to crystallise the purified complexes. As the current model
for Tc cell entry mvolves exposure to low pH m the acidified endosome’, we tested the
behaviour of YenB+YenC1/YenC2 complexes at a range of pH conditions from 4.5 to 9.5
Atlow pH (4.5 - 5.0), the complexes began to precipitate, with the C-texminal domains of the
YenC proteins showing  differential  precipitation, allowing purfication of complexes

contaming just YenB and the N-terminal portions of YenC,

SAXS data collection and processing

Smali-angle X-ray scattedng data were collected at the SAXS/WAXS beamline at the
Australian Synchrotron (Figures 6, 7 and 8; Tables 8, 9, 10 and 11). Samples were punhied to
homogentety by IMAC, and SEC and exhaustively dialysed against sample buffer containing
20 mM HEPES pH 7.5, 150 mM NaCl. The dialysate was used as the solvent blank. Data
collection was carried out at 291 K with 1 or 2 second exposures. Sample was flowed across
the beam at 4 pi/s to avoid radiation damage. Multiple concentrations wete tested for each
protein, and mmages for each concentration were compared, averaged and buffer-subtracted
using the ScatterBrain software provided by the Australian Synchrotron. Scattering data were
placed on the absolute scale by measuring the scattering of a water Sﬂmplem. Ab initin bead
models were created by running dammif” 20 times, superimposing and averaging the resulting
models with damaver”, and asing this as mput for a final refinement run of dammin”. SAXS
data were compared with the theoretical scatteding of the YenB/YenC2-N crystal structure

. 34
using crysol™.
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Table 8. Data collection and refinement statistics for native YenB/YenC2-N dataset.

Wavelength (’A) (0.9537
Resolution range (A) 49.55 - 2.26 (2.40 - 2.26)
Space group P2,2,2,

Unit cell (A)

133.7 147.6 274.4 90 90 90

Total reflections

3.380,388 (245 257)

Unique reflections

245,036 (33,576)

Completeness (o) 97.3 (83.2)
Muitiplicity 13.8 (7.3)

Mean I/o(T) 9.81 (0.81)
CC,,, (Yo) 99.1 (15.7)

Wilson B-factor

R-measure

0.3129 (2.4219)

R-factor/ R-free

0.2075/0.2574

Number of atoms 35,548
macromolecules 33,027
ligands 54
water 2,467

Protein residues 4. 240

RMS (honds) (A) 0.005

RMS (angles) () 0.99

Ramachandran favored (%) 96.00

Ramachandran outhiers (95) 0.14

Clashscore 1216

Average B-factor 48.20
macromoiecules 48.30
solvent 46.80

Statistics for the highest-resolution shell are shown in parentheses.
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Table 7. Data collection and refinement statistics for selenomethionine protein crystals,

Dataset SeMet I ScMet2  SeMet3  SeMerd  compined Tabr,
SeMet soak
‘,‘)‘}S"dmgth 0.979100  0.979100 1.258000
s ,)
Resolution 94.11 96.36 96.32 ~ 95,55 - Dymid 317
r';f;‘z; o 278295 202509 291 (.08 277 (294 21.45 (.20
S L2798 —292)  —291) - 2.77) (2.79) 517
Space group P2.2.2, P2,22  P2272 P22.2 P2,2.2, P22.2
134.6, 134.3, 1343, 134.9, 135.1,
Unit cell (&) 1497, 150.5, 150.4, 150.3, 152.9,
SECERVY  976.0,90,  276.7,90,  276.6,90, 276.3, 90, 276.3, 90,
90, 90 90, 90 90, 90 90, 90 90, 90
Total 375,808 907011 917907 2030040 4226680 2,584,590
reflections (43,908 (136,715)  (140,953)  (227949)  (41,245) (112,511)
Unique 238027 234490 237,091 271549 141,963 89,756
ceflections (33377)  (36,658)  (37874) (40,699 (5,905) (4,841)
C(/)mple:tencss :‘—7.5 Q0.4 / ?{f).?’ , 948“0 99.2 (84.4) , 901\3
(%o} {(75.8) 96.1) (98.4) (91.3) ) (94.8)
Multiplicity o 13y 3937 3937 7.5 (5.6) 29.8 (7) (23.2)
9.12 591 6.35 10.67 o
Mean T/e (D) L) 139 (1.0
Mean I/c(l) (1.64) ©.71) (0.75) (1.18) 4.6 (1. 139 (.0)
iy 99.5 97.4 97.9 98.8 o 99.7
OO, (%) : , 99.5 (47.2) N
2 (79) (74.8) (200.5) (23.2) (60.1) 99.5 (47.2) (38.8)
Anomalous
correlation 22 (4) 12 (2) 13 (3) 17 (0) 138 (0) 525 (9.5)
(%)
Anomalous
resolution’ 11.1 6.7 6.6 5.5 5.0 5.68
AN
V)

Statistics for the highest-resolution shell are shown in parentheses.

1 | 5 . ~ . . N P ~ -
Anomalous resolution defined as the point at which CC__ drops below 0.3
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Table 8. Data collection and scattering derived parameters for YenB/YenC2 SAXS.

Data-collection parameters

Instrument

Australian Synchrotron SAXS/WAXS

B

beamline

Beam geometry POl
Wavelength (A) 112713
g range (A7) 0.009-0.614
Hxposure time 2s
Concentration range (mg/ml) 5-0.15
Termperature (K) 291
Structural pamwek o
1(0) (e [from P(r)] 0.190
R, (A) {from Pl 42.0
1 ﬂ) (cm ) [from Guinier] 0.189

R, {A) {ﬂ"om Guinter] 41.8
Do (N 134

Porod volume estimate (A)

395300

Muaiecular smass defermination’

Partial specific volume (cm’/g) 0.7425
Contrast (Ap x 10" / cm) 24
Molecular mass [from [{0)] (kDa) 2615
Molecular mass [from SAXS-MoW] (kDa) 253.8
Calculated monomeric M. from sequence kDa) 2763
Softnare employed

Primary data reduction ScatterBrain
Data processing GNOM

Ab initio analysis DAMMIF & DAMMIN
Validation and averaging DAMAVER
Three dimensional graphics representations vIMOL

'data reported for 5 mg/ 'ml concentration.
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Table 9. Concentration dependence of SANS data for YenB/YenCZ.

Concentration R, standard

T Guinier range R (&) BT T/ concentration
{mg/ml) ’ & a0 deviation (Vo) o
5 5-1 41.8 0 0.189
2.5 317 42.7 { 0.193
1.25 7-17 427 O 0.176
0.31 7-17 429 i 0.161
0.15 16-38 41.8 1 0.147
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Table 10. Data collection and scattering derived parameters for YenB/YenC2-N SAXS,

Data-collection parameters

Austealian Synchrotron SANS/WAXS

Instrument

beam
Beam geometry point
Wavelength (A) 1.12713

g range (A}

0.004-0.255

Hxposure time 1s
Concentration range (mg/ml) 1-0.016
Termperature (K) 291
Structural paramelers

1(0) (e [from P(r)] 0.20

R, (A) [from P()] 44.1
H0) (em) [from Guinier] 0.20

R, (&) [from Guinier} 44.2
D (A 138
Porod volume estimate (A) 365,000
Malecular mass determination’

Partial specific volume (cm’/g) 0.7425
Contrast (Ap x 10" / cm) 24
Molecular mass [from [{0)] (kDa) 277.0
Molecular mass [from SAXE-MoW] kDa)y  257.6
Calculated monomeric M. from sequence 243 3
{(kDa) o
Softnare employed

Primary data reduction ScatterBrain
Data processing GNOM

Ab initio analysis

DAMMIF & DAMMIN

Validation and averaging DAMAVER
Computation of model intensities CRYSOL
Three-dirnensional graphics .

ST PyMOL

representations

T e - -
Data reported for T mg/ml concentration.

Table 11. Concentration dependence of SAXS data for YenB/Yen(C2-N.

Concentration

R, standard

(e /w1 Guinier tange K| deiation T/ concentration
1 20-40 44.20 3% 0.200
0.5 24-45 43.87 1% 0.216
(.25 21-45 44,06 10% 0.216
0.125 8-30 46.95 10% 0.208
0.063 15-43 4395 7% 0.190
0.031 5-41 45,82 9% 0161
0.016 15-43 44.71 56% 0.125
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Example 2: Demonstrating activity by expressing toxin proteins in &.colf and feeding
to insects

Cloning and expression

¢ commmercially available

The encapsulated proteins of the invention can be expressed using

non-conjugative vectogs such as pET in . /i (GATEWAY® technology, Tnvitrogen).

Once the gene expression has been established, by methods weli-known to those skilled 1 the
art, the transf&rmed E. coli (as a bacterial cell in broth culture) can be used m a standard
bioassay against, for example,diamondback moth (DBM) and other insects, to demonstrate

msecticidal activity.

The kit uses Transform One Shot® Chemically Competent F. /. The pET vectors catry a
bactertophage 17 promotor, transcription and transiation signals. The source of T7 RINA

polymerase 1s provided by the host cells.

Bioassay methods

Diamondback woth, Plutella xylostella (Lepidoptera: Plutellidae), Cabbage white butterfly, Pievis rapae

A epidepiera: Preridae) and cabbage looper moth, Trichopinsia ni (Lepidoptera: Noctidae)
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Diamondback moth larvae can be reared on brassica (cabbage plants), or the strains resistant
to CrylA and Cry1C and a susceptible (G88) strain can be obtained and tested at the New
York State Agricultural Experiment Station, College of Agriculture and Life Sciences at
Cornell University, located in Geneva, NY, USA. Cabbage white butterfly larvae can be field-

collected.

Ten 2°-3" instar larvae can be used and placed on 3em disc of cabbage leaf treated with either
20wl of transformed F.oo/ solution, or dipped in the solution. A wetting agent, Sthiwet 1.-77
{(Momentive Performance Materals, New York, USA) or Triton X-100 (Rohm and Hass Co,
Philidelphia, USA) is used at <0.05%. Fach treatment can be replicated 3-5 times (3-50 larvae

per treatment), Treated larvae remain on the cabbage leaf at 237°C 16L:8HD (Lincoin) or at

27"C 16hL:8hDy (USA) and are checked daily for dead larvae.

Example 3: Demonstrating activity in transgenic plants and in plant bioassay

Cloning

Geenetic constructs used in the transformation profoco!

Sequences for expressing the encapsulated proteins of the invention can be cloned into

skilled

suttable constructs and vectors for transformaton of plants as is well known by those

in the art, and disclosed herein.

For exampie, the plant transformation vector, pHZBar is derived from pART27 (Gleave 1992,
Plant Mol Bioi 20: 1203-1207). The pnos-nptlI-nos3’ sclection cassette has been replaced by
the CaMV355-BAR-OCSE3 selection cassette with the bar gene (which confers resistance to
the herbicide ammonium glufosinate) expressed from the CaMV 35S promoter. Cloning of
expresston cassettes into this binary vector 1s factiitated by a unique Notl restriction site and

selection of recombinants by blue/white screening for P—galactosidase.

The polynucleotide sequences encoding the encapsulated proteins of the invention can be

cloned by standard techniques into pART7 downstream of the 355 promoter. A unique No/l
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fragment can then be shuttled mto pART27 (Gieave, 1992, Plant Mol Biol 20: 1203--1207) for
transformation of various plant species. This binary vector contains the #p#ll selection gene
for kanamycin reststance under the control of the CaMV 355 promoter. Genetic constructs in
pART27 can be transferred into Agrmbacterimm fumefaciens strain GV3101 or EHAT05 a5
plasmid DINA using freeze-thaw transformation method (Ditta ¢f ¢/ 1980, Proc. Natl. Acad.
Sci. USA 77: 7347-7351). The structure of the constructs maintained in 4grobacierizon can be
confirmed by restrction digest of plasoud DNA's prepared from bacterial culture.
Agrobacterinm cultares can be prepared in glycerol and transferred to -80°C for long term
storage. Genetic constructs mamtamned in Agmbacterinm steain GV3101 can be mnoculated 1nto
25 mlb. of MGL broth containing spectinomycin at a concentration of 100mg/L. Cultutes can
be grown overnight (16 hours) on a rotary shaker (200 xpmy) at 28°C. Bactenal cultures can be
harvested by centrifugation (3000 x ¢, 10 minutes). The supernatant ts removed and the cells

resuspended m 2 5mL solution of 10mM MgSO,.

Plant transformation

Plants can be transformed to express the encapsulated proteins of the invention by numerous

methods well known to those skilled in the art and disclosed herein.

Tobacco Transformation

Tobacco can be transformed via the leaf disk transformation-regeneration method (Horsch et al. 1985). Leaf
disks from sterile wild type W38 tobacco plants are inoculated with an Agrobacterium tumefaciens strain
containing the appropriate binary vector, and cultured for 3 days. The leaf disks are then transferred to MS
selective medivm containing 100 mg /L of kanamycin (or Smg/L of glufosinate) and 300 mg/L of
cefotaxime. Shoot regeneration occurs over a month, and the leaf explants are placed on hormone free

medium containing kanamycin or glufosinate for root forraation.

Sorghum transformation

The constructs described above can also be used to transform Sergbum. A suitable protocol

4y

or transforming Sorghum is found in Howe et al., 2006, Plant Cell Reports, Volume 25, No

8, 784-791.

“)

Colton fmzzyfnm ation
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The constructs described above can also be used to transform cotton. A suitable protocol for
transforming cotton is found in US 5, 846, 797.

Wheat transformation

The constructs described above can also be used to transform wheat. A suitable protocol for
transforming wheat is found in Ortiz et al., 1996, Plant Cell Rep. 15, 1996, 877

Marze transformation

The constructs described above can also be used to transform maize. A suitable protocol for

transforming maize s found in US, 8,2

Transformation of other plants

~

Transformation protocols for other plants are well-known to those skilled in the art, and are

disclosed herein.

ELISA assay

ELISA analysis according to the method disclosed in U.S. Pat. No. 5,625,136 can be used for
the quantitative deterroanation of the level of the encapsulated proteins m transgenic plaats, or

parts thereof.

Bioassay

Various parts of the transformed plants, or whole plants can be used in standard msect
bioassay procedures to test the activity of the encapsulated proteins of the invention, and the

resistance of the transformed plants to various insects.

Numerous suitable methods are known to those skilled in the art and are described for
example in the following US patents: US 8247369, US 8,216,806, US 8173 872; US
8,034,997, 1US 7,858,849; and 1S 7,803,993; UUS 7,655,838 and US 7,919,609; all of which are

incorporated herein by reference.
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Example 4: Demonstrating encapsulation of a foreign protein

The applicants have created versions of the TcB/TcC (BC) complex in which the C-terminal
region of YenC2 (TcC) has been replaced with green fluorescent protein (GFP). Two
versions of this construct have been created, the native-GFP version, in which GFP has a net
negative charge, and a version contamning a modified GI'P with a net positive charge

(GFP-+6), mumicking the charge of the normai TeC.

Both constructs have been expressed in . w0/ and purified by standard procedures
ammobilized metal ton affinity chromatography [IMAC], and size exclusion chromatography
[SECY. The GFP protein is produced as a fusion of the the N-termomnal region of YenC2
YenC2NTR) and GFP. This fusion protein was expected to seltf-cleave at the boundary
between these two proteins, analogous to the cleavage that occurs in the native complex. This
cleavage oceurs with both the native GFP and GFP+6 variants, and the protemn complex
consisting of YenB, the N-termunal region of Yen(C2 (YenC2NTR), and GFP co-purify and
form a single peak on size exclusion. This indicates that GFP is bemng encapsulated within the
BC shell, in 2 similar manner to the native TcC. This protein complex does not fluoresce,
suggesting that GFP is encapsulated in an unfolded state. After storage for several days,
fluorescence was observed with the native-GIP-containing compiex. When this was again
subjected to SEC, a major peak consisting of ali three complex proteins (YenB, YenC2ZNTR,
GFP) was observed (Figure 16 A-B), which did not fluoresce (Figure 16 C). A smaller peak
was also observed consisting of GFP alene, which did thuoresce (Figure 16 B-C). Thus
mnedicates that there has been some slow leakage of GFP from the complex, at which point
GFEP folds and 1s abie to fluoresce. This leakage occurred at a reduced rate i the positively-

charged GFPA+6 variant.

Materials and Methods

Yersinia entomophaga YenB and YenC2 were cloned into the pETDuet-1 co-expression
vector using standard cloning techmuques. Expression was performed in E. coli
Rosetta2(DDE3) cells using AYM-5052 auto-induction medium (Studier, 2005). Freshly
transformed cells were grown 0 5-ml LB cultures overnight and used to inocualate 500-md
ZYM-5052 cultures m 2 litre baffled flasks. These were incubated at 37°C {or 4 hours,

followed by 18°C for 24 hours, Cultures were harvested by centrifugation at 4,680 RCF for 30
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roinutes and cell pellets were either frozen at -20°C or used immediately. Cell pellets were

 Nall, 1 mM 2-

resuspended in his-0 buffer (20 mM HEPES pH 7.5, 150 ml
mercaptoethanol) with the additon of Roche Complete mini EDTA-free protease inhibitor
tablets, according to the manufacturer’s directions. Cells were lysed by passage through a
continuous-tlow cell disruptor (Microfluidics microtluidizer M-110P) at a pressure of 18 MPa.
Cell lysate was clarified by centrifugation at 27,000 RCF for 30 minutes followed by filtration.
The protein complex was purified by IMAC using a 5-mol Talon HiTrap column. The protemn
comples was washed with his-0 buffer and cluted with his-150 buffer (dentical to his-0 with
the addition of 150 mM mudazole). This cluted fraction was concentrated and dialysed
agamst his-0 buffer overnight at 4°C with the addition of TEV protease (Blommel & Fox,
2007) to reroove the his-tag. This protein was subsequently appited to the sarne Talon HiTrap
cobumn and the flow-through collected. This was then concentrated and applied to a Hilload
16/60 Superdex 200 size exclusion cohimn (GE) attached to an Akta prime FPLC system.
His-0 buffer was pumped over the cohumn at a rate of 1 ml/minute, and fractons were
collected and analysed by SDS-PAGE. Analytical size exclusion was performed using a
Superdex 200 10/300 analytical column (GE). GFP fluotescence was determined by

ilumination with blue light and observation under a yellow filter.
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CLAIMS:

1. A method for encapsulating a protein of interest, the method comprising the step of
expressing a fuston protein compusing an N-terminal region of a rearrangement hot spot

(RHS)-repeat-containing protem fused to the protein of mterest.

o
P

The method of claim 1 wherein the fusion protein 1s expressed in a ceil.

3. The method of clawn 1 or 2 wherein upon expression and folding of the fusion protein, the

protein of miterest is cleaved from N-terminal region of the RHS-repeat-contaming protein.

4. The method of claim 3 wheremn cleavage is aftected by the action of a protease intrinsic to

the MN-terminal region of the RHS-repeat containing protein.

5. The method of clum 4 wherein the protease is an aspartate protease,

6. The method of any one of claims 1 to 5 wherein the protein of interest 1s encapsulated by a

shell compusing the N-terminal region of the RES-repeat-containing protein.

7. The method of claim 6 wherein the shell is formed from one long strip of -sheet, or B-

sheets, that wraps around a central cavity.

8. The method of claim 6 or 7 wherein the B-sheet is composed of at least 50 B-strands

derived from the N-terminal region of the RHS-repeat-containing protein.

9. The method of any one of claims 6 to 8 wherein the shell 1s closed at both ends.

10. The method of any one of claims 1 to 9 wherein the protein of mterest is one that 1s
normaily naturally associated with the the N-texminal regton of the RHS-repeat-contaning

nrotein
X
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11, The methed of any one of clairos 1 to 9 wherein the protein of mterest is one that is not
normally naturally associated with the N-terminal region of the RHS-repeat-contaming

protein.

12. The method of any one of clamms 1 to 11 wherein the protein of interest has a molecular

weight of less than 103kDa.

13. The method of any one of claims | to 12 wherein the RHS-repeat-containing protein s
selected from a toxin complex C (TeC) component of a bactenal toxin complex, a non-toxin

complex RHS-repeat containing protein, and a YD-repeat contaming proteiu.

14. The methed of any one of claims 1 to 13 wherein the RHS-containing protein s a toxn

complex C (TeCy component of a bacterial toxin complex.

15. The method of any one of claims 1 to 14 wherein a fusion protein comprising the N-
terminal region of the toxin complex C (TcC) component is co-expressed with a toxin
complex B (TcB) component of a bacterial roxin complex..

16. The method of clatms 14 to 15 wherein the protein of interest has a molecular weight of

less than 40kDa.

17. The method of any one of claims 14 to 16 wherem the protein of interest is cleaved from
N-terminal region of TcC component upon tormation of a complex between the TeB and the

fuston protein.

18. The method of any one of claims 14 to 17 wherein the protein of interest is encapsulated

by a shell formed by a complex of the TcB component and the N-terminal region of the TcC.
19. The method of claim 18 wherein the shell is formed from one long strip of B-sheet, or B-
sheets, that wraps around a centeal cavity, wherein the B-sheet is composed of at least 50 -

strands derived from the TcB component and the MN-terminal region of TeC.

20. Agp encapsulated protein of nterest produced by the method of any one of claims 1 to 19.
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21. A protein of interest encapsuiated by a shell formed by the N-terminal region of the RHS-

repeat-containing protei.

22. The protein of claim 51 that is encapsulated by a shell formed by a complex of the TcB

component and the N-terminal region of the TcC component.

]
JOA)

A cell comprising the encapsulated protein of any one of claims 20 to 22

24. A composition comprising an encapsulated protein of any one of claims 20 to 22.
25. The composition of claim 24 that is an insecticidal composttion or 2 pharmaceutical

Composition.

26. The method, encapsulated protein, cell or composition of any preceeding claim, wherein

the encapsulated protein s releasable or can be released, from the shell.

27. The method, encapsulated protein, cell or composition of any preceeding claim, wherein
the encapsulated protein s releasable, can be released, or is released, from the shell in certain

condittons.

28. The method, encapsulated protein, cell or composition of any preceeding claim, wherein
the encapsulated protewn s releasable, can be released, or s released, from the sheli by

lowering the pH of the environment surrounding the encapsulated protemn,

29. The method, encapsulated protein, cell or composition of any preceeding claim, wherein
protein is releasable, can be released, or 15 released, from the shell by introducing the

encapsulated protein into a low pH environment.
30. A method of controlled release of a protem of mterest, the method comprising placing an
encapsulated protem of any one of claims 24 to 22 into an appropriate environment that

affects release of the protein of mterest.

31. The method of cdaim 30 wherein the appropriate environment is a low pH environment,
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32. The method of claim 30 or 31 wheremn the protein of interest is released by a

conformational change in the shell encapsulating the protein of mnterest.

33. The method of claim 32 wherein conformational change is opening of the shell resulting

in release of the protein of interest.

34. A method of delivering a protein of wterest to a low pH environroent, the method
compyising delivering an encapsulated protein of any one of clamms 20 to 22 to the low pH

environment, and release of the encapsulated protein into the low pH environment.

35. The method of cdaim 34 wherein the low pH environment has a pH of less than 5.5,

36. The method of claim 34 wherein the low pH environment is the endosome of a cell.

37. The method of any one of claims 34 to 36 wherein the low pH enviconment affects
release of the encapsulated protein from the shell to deliver the protein of interest into the low

pi environment.

38. The method of claims 36 wheremn the low pH environment triggers delivery of the protein

of interest 1nto the cytosol of the ceil.

39. A method of delivering 2 protein of interest into a cell, the method comprising contacting

the cell with and encapsuiated protein of any one of claims 20 to 22.

40. A method of controlling a pest, the method comprising contacting an encapsulated

protein of any one of claims 20 to 22 with the pest.

41. The method of claim 40 wherein the pest 15 a pest of a plant.

42, The method of claim 40 or 41 wher

[ed]

i the pest is an sect.

43. The method of claim 42 wherein the protem of interest is a protein that is toxic to the

&

insect.
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44. The method of any one of claims 40 to 43 wherein the encapsulated protemn is produced
in the plant by expressing in the plant 2 fusion protein comprising an N-terminal region of a

rearrangement hot spot (RHS)-repeat-containing protein fused to the protein of interest.

45. The method of claim 44 wherein the encapsulated protein 1s produced m the plant by co-
expressing 1 the plant:
a) a toxin complex B (TeB) component of a bactenal toxin complex, and
) a fusion protein compuising an N-terminal region of a toxin complex C (TeC)

component of a bacterial toxin complex fused to the protein of interest.

46. The method of claim 45 comproising the additional step of co-expression of a TcA

component of a bacterial toxin complex in the plant.

47. The method of any one of claims 44 to 46 wherein the pest 1s contacted by the

encapsulated protein produced in the plant.

48. The method of claim 47 wherein the pest 1s contacted when 1t ingests the encapsulated

protein.

49. A method for producing an msect resistant plant the method comprising expressing in the
plant 2 tusion protem cotoprising an N-terminal region of a rearangement bot spot (RHS)-

repeat-containing proteut fused to the protein of interest.
T 1 taining protet

@)
<>

The method of claim 49 comprising co-expressing in the plant:

Y g S g~ lev B T~RY ~ - f’,b.,. '1. 5 1 . 3

a) a toxin complex B (TcB) component of a bactertal toxin complex, and

b) a fusion protein comprising an N-terminal region of a toxin complex C (TcC)

component of 2 bactenial toxin complex fused to the protein of interest.

51. The method of claim 49 or 50 comprising the additional step of co-expressing of 2 TcA

component of a bacterial toxin compiex in the plant.
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Figure 3
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C12N 15/31 (2006.01) C12N 15/62 (2006.01) C12N 15/82 (2006.01) CO07K 14/195 (2006.01)
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"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specitied) such documents, such combination being obvious to a person skilled in the art
"0"  document referring to an oral disclosure, use, exhibition o ) .
or other means & document member of the same patent family
"P"  document published prior to the international filing date
but later than the priority date claimed
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Citation of document, with indication, where appropriate, of the relevant passages
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US 2006/0168683 Al (HEY et al.) 27 JTuly 2006
Abstract; [0007], [0009], [0092], [0098], [0104]; Example 1; claims, especially claim 6

40-43, 49-51

US 2006/0205653 A1 (LARRINUA et al.) 14 September 2006
[0078], [0079], [0126], [0163]. [0164], [0233], [0249]; claims; Example 21

40-43, 49-51

GATSOGIANNIS, C. et al., "A syringe-like injection mechanism in Photorhabdus
luminescens toxins", Nature. 2013, vol. 495, pages 520-523 (published online 20 March
2013)
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21-39
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22742-22749

Abstract; page 22742, col. 2, para. 2; page 22744, col. 2, para. |; page 22748, col. 1,
line 11; page 22743, col. 2: Insect Bioassays; Fig. 2; Table 1

21-29, 40-43

LANDSBERG, MI. et al., "3D structure of the Yersinia entomophaga toxin complex
and implications for insecticidal activity", Proc. Natl. Acad. Sci. USA. 2011, vol. 108,
pages 20544-20549

Abstract; page 20544, all of col. 2 ; page 20546, col. 2, para. 2; page 20547, col. 1 lines
25-29

21-29
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Supplemental Box

Continuation of: Box III
This International Application does not comply with the requirements of unity of invention because it does
not relate to one invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the
claims into distinct groups:

o Claims 1 to 48 are directed to a method for encapsulating a protein of interest, the method comprising
the steps of expressing a fusion protein comprising an N-terminal region of an RHS-repeat-containing
protein fused to the protein of interest.

¢ Claims 49 to 51 are directed to a method for producing an insect resistant plant, the method
comprising expressing in the plant a fusion protein comprising an N-terminal region of an RHS-
repeat-containing protein fused to the protein of interest.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical
relationship among the claimed inventions involving one or more of the same or corresponding special
technical features. PCT Rule 13.2, second sentence, defines a special technical feature as a feature which
makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the
prior art but are not common to all the claimed inventions and therefore cannot provide the required technical
relationship. The only feature common to all of the claimed inventions and which provides a technical
relationship among them is expressing a fusion protein comprising an N-terminal region of an RHS-repeat-
containing protein fused to the protein of interest. However this feature does not make a contribution over
the prior art because it is disclosed in:

US2006/0168683 Al (HEY et al.) (D1)

D1 discloses insecticidal toxin complex fusion proteins (see Abstract) including A, B or C subunits. The class
C proteins of the citation are RHS-repeat-containing proteins of the present specification. D1 further
discloses ‘BC’ and “CB’ fusion proteins ([0007], [0092], [0098], [0104], Example 1, claim 6) and transgenic
plants that express the fusion proteins ([0009]).

Therefore in the light of this document this common feature cannot be a special technical feature. Therefore

there is no special technical feature common to all the claimed inventions and the requirements for unity of
ivention are consequently not satisfied a posteriori.
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Publication Number Publication Date Publication Number Publication Date
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Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

L. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3, I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Box for Details

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

9. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. l_‘ As only some of the required additional search fees were timely paid by the applicant, this international search report
— covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
— restricted to the invention first mentioned in the claims; it is covered by claims Nos.;

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable
protest tee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.
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